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SUMMARY
Cellulose triacetate was prepared from cotton cellulose employing 
a heterogeneous method for acetylation, and using zinc chloride as a 
catalyst. Viscosity-concentration studies for solutions of cellulose 
triacetate in the mixed solvents, chloroform-acetic anhydride, methylene 
chloride-acetic anhydride and tetrachloroethane-acetic anhydride were 
carried out. Molecular weight determinations were carried out on the 
prepared samples of cellulose triacetate using a high speed membrane 
osmometer (Hewlett Packard M&chrolab Model 502). The Mark-Houwirik 
viscosity-molecular weight relationship was investigated for the above 
systems and the respective K and a values were evaluated.
The degradation of cellulose triacetate in the solvents chloroform, 
methylene chloride and tetrachloroethane in the presence of acetic anhydride 
was investigated and the separate.effects of nature of catalyst, catalyst 
concentration, nature of solvent and temperature on the rate of degradation 
were studied. The extent of degradation was followed by the decrease in 
viscosity with time, and molecular weights were evaluated using a single­
point viscosity relationship to determine limiting viscosity numbers.
The catalysts used were ferric chloride, antimony pentachloride, stannic 
chloride, tellurium tetrachloride, sulphuric acid and perchloric acid.
The degradation was shown to be a first order random process v/hich was 
explained by a mechanism based on the acetylium ion, (CH^C0+), being the 
activating catalytic species. Scission of 1-4 oxygen linkages between 
repeating units is believed to take place with the simultaneous 
introduction of acetate groups due to reaction of acetic anhydride with 
the activated complex. Differences in rate constants and activation 
energies obtained are discussed on the basis of the proposed mechanism, as 
well as possible differences in chain configuration of cellulose triacetate 
in the various solvent mixtures.
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C H A P T E R  1 
INTRODUCTION
Cellulose is a particularly important carbohydrate because of its great 
abundance and distribution all over the world. Its unique properties, arising 
largely as a result of its chemical structure, are familiar in the characteri­
sation of cellulose products encountered in everyday life.
Cellulose is a linear polymer of anhydroglucose units joined by P -(1-4) \ 
linkages. The molecular chain length is sufficiently high, and the hydrogen 
bonding capacity of the three hydroxyl groups sufficiently great, so that it 
forms fibres of remarkable strength.
cellobiose unit
The importance of cellulose is characterized by the number of methods 
adopted for its chemical transformation aiming at a direct modification of its 
properties. The difficulties encountered in its transformation are due to two 
main factors;
1) Crystallinity and insolubility restricts the accessibility of hydroxyl 
groups to chemical reagents.
2) Substantial degradation gives products of undesirable properties.
The availability of hydroxyl groups is, therefore, important in all
chemical reactions. In the acetylation reaction the cellulose is first brought
into a reactive formv 7 before acetylation is carried out. The acetylation
reaction is largely controlled by the rate of diffusion of reactants and
(2 )catalyst into the inner part of the cellulosev . This has been confirmed by 
Happeyw/ who observed the X-ray pattern changes during acetylation; after an 
initial surface esterification the reaction depends on the diffusion of 
reactants and catalyst into the inner part of the fibres.
The acetylation of cellulose, whether heterogeneous or homogeneous 
* (product dissolves in reaction mixture), is always accompanied hy degradation 
of the cellulose molecules. It has been reported that during acetylation of 
cellulose in a homogeneous system, the glucosidic bonds of the cellulose
/i
molecules are broken while the reaction is still at the heterogeneous stage' ♦
Rosenthal/*^ pointed out that esterification is also accompanied by consider-
(9)able degradation of the cellulose chains, Samardzhieva and Dimov' 7 investigated
the changes which occurred in the molecular structure of cellulose triacetate
obtained after acetylation, and concluded that the strong intemolecular
hydrogen bonds were ruptured during acetylation, Howard and Parikh^^ believe
that the chain degradation of cellulose molecules arises from rupture of
/ +\ >oxygen linkages between monomer units due to acetylium ion (CH^CO ) attack, 
Bytenskii, Kuznetsova and Klenkovl^llso studied the rate of degradation under 
various conditions.
In general the term "degradation" means the break-down of high molecular 
weight material to lower molecular weight or even to monomeric material.
This behaviour is shown by all polymers and is caused by two different types 
of agencies:
a) Physical agencies responsible for photochemical, thermal and mechanical 
degradation,
b) Chemical agencies which cause oxidation, ozonolysis and hydrolysis of 
the polymers.
The degradation processes are in general of two types:
1) Random degradation, in which the chain breaking occurs at random points 
along the chains, leaving behind fragements which are still very 
large in comparison to a monomer unit,
2) Chain depolymerisation, which involves the loss of monomer molecules 
from polymer chains.
The two types of degradation may occur separately or together. These are
usually distinguished by determining the molecular weight of the polymer at 
. various time Intervals during degradation. The molecular weight of the polymer 
falls rapidly in random degradation but much more slowly in chain depolymerisation. 
The product of random degradation consists of a mixture of molecules with
\
molecular weights up to a few thousand, while in a chain;depolymerisation 
reaction the polymer molecules are gradually broken down to smaller fragements 
so that the product now consists largely of monomer units or substances closely 
related to them.
The degradation of cellulose and cellulose derivatives has always been a 
matter of great interest, A brief review of the different types of degradation 
found in cellulose chemistry will now form the remainder of this chapter,
OXIDATIVE DEGRADATION OF CELLULOSE
A considerable number of reagents used for the purpose of removing lignin 
and other coloured impurities are known to oxidise cellulose. This is an
undesira ble but almost inevitable side reaction. During the last twenty years,
\
a good deal of attention has been devoted to studying the effect of various
oxidizing agents on cellulose* Much more attention has been given to the hypo-
( 11) ('12) chlorite oxidation, particularly by Russian workers' . Husemann and Goecke'
characterized the products obtained upon oxidative degradation of cellulose in
cuprammonium solution, by means of osmotic and viseometric measurements.
(13)Electrolytic oxidation' of cellulose yields a product which appears to retain
its physical strength and fibrous character, but shows considerable degradation.
The explanation is based on the conversion of the primary alcoholic group to
an aldehyde group thereby making the glucosidic linkage extremely susceptible
to attack. Major^^ pointed out that oxidation primarily takes plane in the
(15)amorphous regions of the cellulose. Vink' ' indicated that oxidation is a
(16)random process, which lead Kukhanov' ' to conclude that the oxidative 
degradation of cellulose is a first order reaction and the rate depends on 
the temperature.
In view of the information available from the literature, it seems that 
the following reactions occur during oxidations
a) Oxidation of the primary alcoholic group to an aldehyde, followed by 
further oxidation to a carboxyl group.
b) Formation of keto group at C-2 or C-3 followed by oxidative ring \ 
cleavage to a dicarboxylic acid.
c) Cleavage of the glucosidic bond and oxidation of the reducing end 
group to a carboxyl.
d) Ring cleavage at C-1 - C-2 with the formation of an aldehyde group at
C-2 and carbonic ester at C-1. This could undergo further oxidation
to produce a carboxyl group at C-2.
FROTOCHEMICAL DEGRADATION OF CELLULOSE
The degradation of cellulose on exposure to sunlight was first recognized 
by Witz^^ in 1883. The resulting yellowing and browning^^”^0), & ^ecrease 
in the tensile s t r e n g t h ^ a n d  degree of polymerisation^^”^'^ of cellulose 
are all brought about by light. Carbon monoxide, carbon dioxide and hydrogen
are the main gaseous products obtained when cellulose is subjected to
photolysis •
Photodegradation involves two groups of reactions:
a) Direct photolysis caused by absorption of radiation which ruptures 
the chemical bonds (provided light of a sufficiently high energy is 
available).
b) Riotosensitized degradation caused by sensitizing agents, present either 
as contaminants or deliberately incorporated, which absorb the radiation 
and act as a sensitizer for the subsequent photochemical degradation
of cellulose.
The photochemical degradation of cellulosic materials has been followed 
mainly by studying the changes in tensile strength, colour, degree of polymeri­
sation and viscosity. A number of investigations involve the detection and
isolation of the products of degradation. The effects of different environ­
mental conditions have also "been investigated.
(2l)Kujirai' '' studied the effect of temperature on the photo degradation of
cellulose and found that at shorter wavelengths (1850?) the degradation is
independent of temperature because of direct dissociation. At higher wave- \
lengths (2537A0) photochemical activation takes place which produces degradation. 
(28)
Flynn and Morrow' ' also observed a greater effect with an increase in the
(29)
temperature at which the cellulose was irradiated. Egerton, Attle and Rathor'
pointed out that in the absence of oxygen the photo degradation was independent
of temperature. Further studies in this system confirmed that temperatures
of up to 60°C have a negligible effect on the degradation^*^.
Many investigatory have reported that co-existence of oxygen is essential
for photo degradation at wavelengths of 2537A°^~'^. The presence of moisture
was found to be less important than oxygen. These studies indicate that oxygen
plays an important role in the photochemical degradation of cellulose. For
photolysis studies it is therefore essential that degradation should be carried
out in the absence of any environmental factors and contaminants which may be
present in the cellulosic material or the surrounding atmosphere.
(19)It has also been shown' ' that for artificial sources of radiation the
degradation was much more severe than that observed with sunlight; the nature
of degradation was also found to be slightly different.
Generally consideration has been given to the modification of the cellulose,
including alkali-solubility, the formation of carbonyl and carboxyl groups,
and a decrease in the degree of polymerisation rather than the products formed.
However acetaldehyde, propionaldehyde, acetone and methanol have been detected
in the gaseous products of photolysis by Desai^^. Beelik and Hamilton^^
found that glucose and arabinose oligosaccharides were the major products and
(37)these were later confirmed by paper chromatography' ' •
In photochemical degradation the most likely positions for chain scission
are the glucosidic, the C-1 - C-2 or 0 - C-5 links, since cleavage of these
(37 38)
bonds is necessary for the degradation and production of gaseous products' * '#
Kujirai^^ suggested that with radiation of I85OA0 wavelength direct scission
of the glucosidic linkage predominates# At 2537A°, it is suggested that an
excited oxygen molecule adsorbed on cellulose abstracts the C-1 hydrogen atom
to form a cellulose radical which further reacts with another radical to produce
a peroxide. This then decomposes photochemically into two chain fragments#
(3 9)
Daruwalla' ' also reported that the presence of oxygen was essential for 
photodegradation of cellulosic materials# Infrared studies of irradiated 
cellulose lead Zapalsky^^ to conclude that uv light mainly attacks the gluco­
sidic bonds and also oxidises the primary alcoholic groups# Kraessig^^ found 
that chain rupture took .place even in the non-accessible crystalline region#
Desai and Shields^^.Jfollowed the photochemical degradation of cellulose 
both viscometrically and by weight loss measurements and showed that degradation 
is a random process which follows first order kinetics. This was confirmed by 
Kleinert^^ who also investigated the uv photo degradation of cellulose 
viscometrically and observed an initial rapid pseudo-first order reaction 
followed by a slower reaction#
MECTMOCHEMICAL DEGRADATION OF CELLULOSE
Changes occurring in polymers under the influence of mechanical treatment 
are of great practical importance# Comminution of solid polymers, rolling, 
forcing of viscous polymer solutions or melts through capillary openings, and 
various other mechanical treatments are widely used in industry. The application 
of these processes to cellulosic materials often causes severe degradation 
accompanied by physical and chemical alteration of the cellulose#
The extent of degradation during mechanochemical processing of cellulose 
depends on the reaction medium, temperature and also degree of packing of the 
cellulose Chains^^# The presence of oxygen and nitrogen is reported to 
increase degradation, however maximum degradation is reported to occur with
absolutely dry cellulose pulp and at temperatures as low as -15°C^^. Ott ^ ^  
pointed out that the presence of an inert solvent (e.g. CCl^) increases the 
degradation during grinding. This was further confirmed by Leopold and 
Fujii^*^ who also suggested that solvents which plasticize cellulose, such as
\
water or methanol, also minimise degradation.
Mechanochemical degradation followed by viscosity measurements lead 
Tflhitwell et al. ^ ^  to conclude that major degradation results from comminution 
of cellulose. Grohh^^ investigation on vibratory grinding of cellulose 
suggested that during mechanochemical degradation the mechanical rupture of
(44)bonds begins at the middle links in the chain. Simionescu and Vasilin-Oprea' 
suggested that the degradation of cellulose during vibratory milling takes 
place in two steps;
a) Mechanochemical disaggregation generally involving cleavage of inter- 
and intramolecular H-bonds.
b) Mechanochemical breaking of weak 1-4 glucosidic bonds, which follows 
first order kinetics.
The mechanochemical degradation is thus comparable in magnitude to 
hydrolysis, oxidation, thermal degradation or photochemical degradation. 
Comminution of cellulose produces structural deformation, chain scission, 
increase in solubility and an increase in moisture absorption.
THERMAL DEGRADATION OF CELLULOSE
A knowledge of the extent of degradation of cellulosic materials at various 
temperatures is indispensable. At temperatures exceeding 120°C these materials 
disintegrate into small molecules. lit order to establish a comprehensive 
mechanism of thermal degradation a knowledge of the degradation products, 
molecular weight as a function of time, rate of volatilization, molecular weight 
distribution before and during degradation, and the effect of different types 
of methods used is essential. Other variables which also influence the 
degradation include the nature of the cellulose, the presence of air or moisture
and isolation of the decomposition products*
The thermal degradation of cellulosic material has been extensively studied*
Pictet and Sorasin^^ were the first to isolate 1,6-anhydroglucopyranose
(levoglucosan) from vacuum pyrolysis of cellulose, and later investigators^ “^53)
confirmed that levoglucosan is a primary degradation product from cellulose* \
The pyrolysis of cellulose, as suggested by Schwenker and Pacsu^^,
involves rupture of the 1-4 glucosidic bond giving elementary monomeric units
which isomerize to levoglucosan. These bonds are thought to be situated at
the border between crystalline and amorphous zones^^. Kato and Komorita^*^
compared the pyrolysis of cellulose of various degree of crystallinity and
(57)confirmed the earlier findings of Shimazu and Sterling' ' that the rupture of
glucosidic linkages of* cellulose takes place predominantly in the amorphous
regions. The presence of crystalline regions in cellulose is also known to
/ 58}
cause a decrease in moisture gain, swelling and chemical reactivity' •
Thermal degradation or pyrolysis has been widely studied but there is still 
much uncertainty concerning details of the mechanism. There is general
(59)agreement, however, that the degradation consists of two-main r e a c t i o n s ':
a) Initial scission of glucosidic linkages, and
b) JChemical changes in the anhydroglucose unit such as dehydration and 
scission of C-C bonds.
The course of thermal degradation has been followed by measuring the 
limiting viscosity number of the pyrolysis r e s i d u e - a n d  lead Fung^^ to 
suggest that the chain scission is a random process and obeys first order 
kinetics.
ALKALINE DEGRADATION OF CELLULOSE
It has been known for a long time that cellulose is degraded on treatment
with hot alkali. Since the loss in molecular weight of cellulose was found to
(62)
be a function of the number of reducing end groups present, Davidson' 
suggested that degradation is a stepwise depolymerisation process. The mechanism
for this process was first proposed by Isbell^^ and verified by other
investigators^^*^)# It is based on -alkoxycarbonyl elimination followed
by cleavage of the glucosidic bonds at the C-4 position and formation of a
fresh reducing end group. The shorter chain undergoes the same reaction again,
with the loss of another glucose unit from the end of the chain, \
The extent of degradation was shorn to increase with increasing alkali 
(66)concentration' . The addition of hydrogen peroxide has a marked influence
(6l)on the degradation; here one mole is used for each chain cleavage' • A
substantial reduction in degree of polymerisation has also been observed when
(6Q)cobalt, nickel or manganese chloride is added to the reaction mixture' •
Industrially, one of the most important degradation reactions which
cellulose undergoes is the ageing of alkali cellulose. An oxidative %
depolymerisation can take place in alkaline m e d i u m , A c h w a l  et al, ^ ^  
have studied the degradation in alkaline solvents and proposed the following 
three stages reaction; /
a) Absorption of atmospheric oxygen,
b) Oxidation leading to the formation of functional groups*
c) Chain scission under alkaline conditions,
(71)Mattor' 7 attempted to explain the ageing process on the basis of a free
radical formation. He pointed out that oxidation of the cellulose would occur
via a hydroperoxide ion (H00 *) formation. This would produce an alkali-sensitive
linkage which wouldcause chain cleavage of the cellulose, with^the formation
of a new reducing group capable of reacting further with oxygen to form a
hydroperoxide ion.
Based on kinetic studies of the ageing of alkali cellulose, Powell and 
(72)Kuiken'7 ' found that all the glucosidic bonds are equally accessible for 
cleavage and that bond'ruptiire is completely random. Earlier work^^ suggested 
that this degradation followed first order kinetics.
BIOLOGICAL DEGRADATION OF CELLULOSE
Biological degradation of cellulose takes place both during storage and
under user conditions, leading to complete destruction of cellulosic materials
or at least rendering them unserviceable# Degradation is generally brought
about by the action of enzymes, bacteria, and fungi# Under these conditions
the tensile strength of cotton cellulose decreases rapidly, accompanied by a
rapid degradation and then it shows a further slow loss due to continuing
attack on the exposed surfaces^*^# Marsh^^, Reese^*^, Basu and Ghose^^
(77)and Taylor and Marsh v , while studying the biological degradation of cellulose
found that the rate of chain scission is initially rapid, falling off to a very
slow but essentially steady value# The fabric loses its strength, pulls apart,
%
or is easily punctured#
The susceptibility of cellulose to degradation is determined by its accessi­
bility to enzymatic degradation agents# Highly crystalline cellulose resists
he
(79)
/<7g\
any enzymatic attack ■ , presumably because the crystallinity precludes t
diffusion of enzymes into the interior of the micelles# Cowling and Brown 
also pointed out that any structural feature that limits the accessibility of 
the cellulose to enzymes will diminish its susceptibility to enzymatic 
degradation#
The mechanism of the biological degradation of cellulose is not fully 
understood# Pringsheim^88 ,^ however, reported that the hydrolysis of cellulose 
is brought about by two enzymes as follows:
 ^ Cellulase ^ , Cellobiase ^Cellulose  ----==--- > Cellobiose  — ->  Glucose
Reese et al £812lso suggested that during biological solubilization, the
native cellulose is first converted into a linear polymeric form and then
hydrolysis of the 1-4 p-glucosidic linkage takes place to form soluble sugars#
(82)
Electron microscopic studies carried out by Porter and coworkers' * showed
that the hydrolytic attack on the cellulose chains is along the fibre axis.
They also suggested a random hydrolysis of the linear chains of cellulose to 
. finally give glucose; the mechanism may, however, vary with the types of 
enzyme and the conditions under which they are acting*
HYDROLYTIC DEGRADATION OF CELLULOSE
Hydrolytic degradation of cellulose is an acid hydrolysis of the glucosidic 
bonds resulting in the shortening of the cellulose chain and formation of reducing 
end groups* The nature of the hydrolysis is simple compared to other types of 
degradation and has, therefore, been extensively studied.
In heterogeneous hydrolysis of cellulose, the rate of the reaction depends 
on the accessibility of the glucosidic bonds. The hydrolysis occurs many 
times faster in the amorphous regions than in the crystalline regions, the 
latter being more resistant to h y d r o l y s i s e x p e r i m e n t a l  data of 
Daruwala and Shet^8^  shows that hydrolysis in both the amorphous and crystalline 
regions of cellulose follows first order kinetics. The ratio of the two rate 
constants is approximately 100, although the activation energies for both 
regions are the same. Jayme and Roffael^ ' found a substantial increase in 
X-ray crystallinity during heterogeneous hydrolysis in the presence of sulphuric 
acid. They believed that this was due to the removal of the amorphous regions 
and partly to some recrystallization taking place within the existing amorphous 
regions. An increase in the acid concentration or the temperature also 
resulted in a rapid increase in crystallinity.
In the case of a homogeneous solution, all the glucosidic bonds are equally 
accessible to hydrolysis. The extent of hydrolysis then largely depends on 
acid concentration, time, and temperature of the reaction. Exhaustive studies 
have been conducted on the homogeneous hydrolysis of cellulose in phosphoric 
acid solution, rate constants being calculated from the change in average degree 
ef polymerisation^8^’87^ .. Metal halides^88\  sulpimtes^8^, and metal 
complexes^8) have also been investigated in studying the hydrolytic degradation 
of cellulose.
The hydrolysis of cellulose is believed to involve protonation of the 
glucosidic oxygen to give a conjugate acid, followed by electron transfer 
with cleavage of the glucosidic bond and formation of a carbonium ion which 
then reacts with water^^. The electron transfer is believed to be the rate 
determining step. The method most commonly used for following the hydrolytic
\
degradation of cellulose is based on the determination of molecular weight 
with time.
DEGRADATION OF CELLULOSE DERIVATIVES
To complete the survey of polymeric compounds relating to the present work 
a comprehensive review of the degradation of cellulose derivatives has also 
been made. Mostly degradation studies have been confined to the cellulose 
acetates, but other derivatives such as carboxymethyl cellulose, nitrocellulose 
and cellulose ethers have received some attention by investigators.
(92)
Vink'7 ' examined the hydrolysis of hydroxyethyl cellulose, methyl cellulose
and carboxymethyl cellulose in hydrochloric, nitric and sulphuric acid
solutions. On the basis of the kinetic data obtained, he showed that degradation
is not first order with respect to acid concentration. The polymer concentration,
however, had no effect on the degradation rate constant.
In a study of the degradation of different derivatives of cellulose at
-80 + 2° in aqueous and in dioxane or tetrachloroethane solution, Oprea and 
(93)Simionescu' 7 found that degradation was greater in the aqueous than in the
organic solvents. Their results indicated that degradation takes place
predominantly according to-a hydrolytic mechanism.
The degradation of carboxymethyl cellulose in the presence of oxygen has
been followed by the change in limiting viscosity number (L.V.N.). The L.V.N.,
value decreased more rapidly with time at higher temperatures and the reaction
could be described by a first order equation(94)^ importance of oxygen
(33)has been demonstrated by Williams' ' who examined the radiation induced 
degradation of cellulose derivatives in water, cadoxen and sodium hydroxide
solutions* With the exception of cadoxen, the rate is very strongly dependent 
on the presence of oxygen. He summarised the reaction in three stages: initial 
scission, degradative rearrangement leading to the evolution of carhon monoxide 
and dioxide, and oxidative degradation of the sensitized chain.
Spectroscopic studies made of the pyrolysis of cellulose and its derivatives 
led Hurduc and Schneider^^ to state that the degradation occurs by a chain 
depolymerization mechanism overlapped by an oxidation process. The importance 
of the latter increases with the rise of temperature and degree of substitution 
of cellulose. Intramolecular hydrogen bonding was assumed to have a marked 
influence on the degradation. A decrease in degree of hydrogen bonding would 
bring about a lowering of the initiation energy.
Solutions of cellulose nitrate are known to undergo an ageing reaction 
resulting in a fall in viscosity due to a decrease in the average chain 
length^^. Timell^^ pointed out that considerable degradation occurs on 
ageing acetone solutions of cellulose nitrate despite careful stabilization. 
Nitration of regenerated cellulose with acetyl nitrate also brings about 
degradation of the cellulose chains
Cellulose nitrate is unique because of its extreme thermal sensitivity and 
ability to decompose exothermally without the participation of oxygen* A 
reduction in the temperature precludes the decomposition and degradation is, 
therefore, negligible at ordinary temperature. Decomposition at temperatures 
below 250°C occurs by an initial homolytic loss of nitrogen dioxide, followed 
by C-2 - C-3 cleavage with elimination of another molecule of nitrogen dioxide.
The nitrate group at C-6 then decomposes into nitrogen dioxide and formaldehyde
(9 9)
together with a chain rupture into smaller fragments'"7. It has been
(100)
proposed on the basis of many reported investigations that the mechanism of 
decomposition takes place in two stages. In the first stage the reaction is 
relatively slow, in the second stage the initial decomposition products react 
with cellulose nitrate and the reaction becomes autocatalytic and therefore
accelerates the decomposition, A rapid removal of the decomposition products 
in the first stage precludes the later reactions and the decomposition slows 
down considerably.
Ignition of cellulose nitrate in a gentle stream of nitrogen leads to the
Photochemical degradation of cellulose nitrate induced by the action of 
sunlight and uv radiation under various conditions was investigated by Osada
of cellulose nitrate with oxygen molecules excited by uv , resulting in 
simultaneous depolymerisation and reduction in nitrate content#
As pointed out earlier the decomposition of cellulose nitrate is negligibleI
at room temperature, any hydrolysis being caused by traces of bound sulphuric 
acid which have not been thoroughly washed during preparation. This auto- 
catalytic hydrolysis results in chain scission unless the acid is neutralized 
by some suitable stabilizers^*^, Furthermore, a humid atmosphere exerts no 
action at temperatures near 20°C, but above 50°C hydrolysis takes place with 
rapid decomposition of the cellulose nitrate. Dilution of nitric acid present 
(produced during decomposition) by a large amount of water retards and 
eventually arrests the decomposition^*^
Recently, Mal*chevskii et al, ^ * ^  studied both the mechanical and thermal 
degradation of cellulose nitrate. They reported lower concentrations of 
nitrogen oxides formed during mechanical degradation than during thermal 
degradation, indicating different decomposition paths. However, the energies 
of activation were found to be the same for both.
It has been reported earlier that esterification or etherification is 
accompanied by some hydrolytic degradation. During nitration this effect can 
be considerably reduced when the reaction is carried out in a mixture of nitric 
and phosphoric acids^*^.
formation of volatile products^*^ and these have been analysed by gas 
chromatography^ * ^  ,
found to accelerate the process due to chemical reaction
DEGRADATION OF CELLULOSE ACETATE
It is knom that cellulose acetate is the most stable derivative of
« •
cellulose. Solutions stored for considerable lengths of time hardly show any 
change in their initial properties. At elevated temperatures cellulose acetate 
suffers degradation, but this is far less in magnitude than cellulose nitrate \ 
or cellulose ethers. The stability of the polymer further increases as the
(107)degree of substitution increases' y. Oxidation of cellulose acetate takes 
place at temperatures above 160°C and this is characterized by a loss in 
strength, increased colouration and solubility changes^*^. The absorption 
of oxygen accelerates the rate of formation of volatile products.
Vinogradov et al. ^ ^ ^  have recently studied the thermal and thermo- 
oxidative degradation of cellulose acetate-propionate both in vacuo and in an 
oxygen containing atmosphere. The degradation in a vacuum starts at temperatures 
above 220°C whereas a rapid chain scission occurs in oxygen at 190°C. The 
rate of thermo-oxidative degradation of cellulose acetate is also found to 1 
increase with increasing degree of polymerisation. A sample of degree of 
polymerisation 450 is reported to be more susceptible to degradation than one 
of 300^110\
(111)Hurduc and Fulger' y examined the degradation of cellulose acetate at 
various temperatures and found that at temperatures below 300^0 a loss of a 
few percent of polymer occured but between 300-360°C a loss of 90°/° ^ as found.
At much higher temperatures further loss of weight is small. Activation 
energies were also found to increase with increasing heating rate(4»8-12.5°C/m). 
but remain constant at higher heating rates. The degradation follows zero 
order kinetics in the initial stages but changes to first order as the 
degradation continues.
Sunlight and uv light play an important role in the degradation of 
cellulose acetate. Prolonged exposure to light results in severe degradation
(11 2)
and produces a highly coloured material with greatly reduced tensile strength'
In an inert atmosphere the degradation is quite minor as compared to that in 
air or oxygen^ The extent of degradation is also found to be largely
dependent upon the relative humidity of the surrounding atmosphere* Maximum 
degradation has been observed at a relative humidity of 1 0 0 ^ ^ ^ *
Larionov and coworkers^*^ investigated the degradation of cellulose \ 
acetate in dimethyl formamide solution upon exposure to ultrasonic radiation 
at an intensity of 20w/sq.cm*. The extent of degradation was followed by the 
decrease in viscosity with irradiation time and the process was assumed to be a 
first order one* The decrease in viscosity of an exposed solution was greater 
at higher temperatures*
DEGRADATION OF CELLULOSE TRIACETATE
Irradiation of cellulose triacetate (CTA) increases the solubility of this 
polymer in acetone owing to saponification of acetyl groups and the resulting 
lower molecular weight. Paulauskas, Leparskite, and Grigalyunene'
/
investigated the effect of irradiation on CTA threads and expressed their 
results in terms of the change in the solution viscosity and amount of free 
acetic acid formed with irradiation time* The specific viscosity of the CTA 
thread (acetone-insoluble fraction) which was six times higher than that of the 
acetone soluble fraction, drops by a factor of two after 36 hours of irradiation, 
Chen, Jankowski and Brother^ ^  have extensively studied the photolysis 
and photo-oxidative degradation of CTA and showed that the uv radiation 
absorbed by CTA films is of sufficient energy to cleave^the C-0 and C-C bonds. 
These experiments were carried out both in oxygen and in vacuo* In oxygen the 
degradation is associated with the formation of peroxides, which on subsequent 
decomposition lead to the formation of carboxylic acid groups as shown by 
infrared absorption. In vacuo mostly deacetylation and chain scission occur 
with some cross-linking as well. In order to elucidate these mechanisms they 
compared the photolysis and photo-oxidative reactions of related monomeric 
compounds, such as cellobiose octaacetate and glucose pentaacetate and 
concluded that the mechanism is very similar to CTA.
(118 iSimilar findings have been reported by Dubyaga and coworkers' ' who
further pointed out that prolonged irradiation resulted in the formation of
xylose. Degradation of CTA subjected to uv irradiation occurs by photolysis
and photoxidation which proceeds by a radical chain mechanism. The chain
scission is accompanied by cleavage of C-1 - C-2 bonds in the pyranose ring, \
and by the oxidation of the C-6 group to give xylose.
Whereas many investigators are still engaged in accumulating information
regarding the photochemical and photo-oxidative degradation of polymers, a
considerable amount , of work has also been done on how to inhibit this reaction.
(119)
In the case of CTA the reaction is retarded by the addition of polyurethane'
(120)and the trace metallic impurities normally present in CTA' • By introducing 
an aryl carbamate group onto the macromolecule of a partly hydrolyzed CTA,
(121)
the material can be rendered highly resistant to photo-oxidative degradation' ,
The fibrous form of CTA is quite stable to heat and retains its fibre
(122)properties at elevated temperatures. Madorsky' determined the percentage 
volatilization at various temperatures and analyzed the volatile products.
He showed that CTA when kept at 250°C in air for 30 minutes lost only 2°/o of 
its total wei^it. A S0c/o weight loss of volatile materials was obtained when 
the same sample was treated at 250-450°C over a period of 4-5 hours. During 
the volatilization equal amounts (457°) 'of acetic acid were produced
with the remaining 10> consisting mainly of carbon dioxide, carbon monoxide and 
methane•
Scotney^"^ has isolated and investigated the gaseous, volatile liquid, 
and tarry products. Spectroscopic and X-ray diffraction techniques helped in 
elucidating the data obtained from thermogravimetric analysis in vacuo and 
elemental analysis of the residue at various temperatures. The infrared 
spectrum of the 326°C residue revealed that as this temperature was approached 
the absorptions assigned to the acetate and the acetal structures weaken and 
eventually disappeared as indicated by the formation of volatile liquid. The
chemical and spectroscopic data for the tarry product lead to the conclusion 
that scission of the 1,4-glucosidic linkages had taken place.
Ward, Tu and Lakstigala^^ reported that when chloroform solutions of 
CTA containing a little methanol and acidified with an arylsulphonic acid were 
refluxed three types of reaction occurred; these were deacetylation, chain 
degradation and recombination of the carbohydrate fragments. The solubility 
of the final product in water increases as the alcohol concentration decreases. 
The extent of the three competing reactions at various intervals of time was 
determined by measuring the acetyl contents (deacetylation) the methoxyl 
contents (degradation) and employing paper chromatography (recombination).
Their limited studies, however, provided no explanation for the mechanism of 
chain breaking.
The acid catalyzed degradation of CTA and cellulose tripropionate (CTP)
dissolved in acetic and propionic acids respectively in the presence of the
corresponding acid anhydrides (in some experiments acetic anhydride was used
(8)in the CTP solution) was pioneered by Rosenthal'1 who evaluated the relative 
rate constants and offered a mechanism in terms of steric interaction between 
ester groups and various acidic species. The rate of degradation of CTA was 
found to vary inversely with acetic anhydride concentration but increased with 
increasing catalyst concentration and temperature, A much slower rate resulted 
if the reaction mixture contained even small amounts of water. The degradation 
of CTP was found to increase with either increasing acetic anhydride or 
propionic anhydride concentrations, in contrast to the CTA behaviour,
* ~ f- ’ ‘ f *1 o  ^
Frith1 s work-j on the acetylation of cellulose supported the findings of
Rosenthal ^  by showing that the degradation rate fell slightly as acetic acid 
was replaced with anhydride. The rate, which was temperature dependent, also 
increased with the proportion of methylene chloride in the solution (methylene 
chloride-acetic anhydride and methylene chloride-acetic acid) which in turn 
increased the proton donating power of the solvent. On the basis of X-ray
diffraction studies he further concluded that acetylation or degradation was 
probably diffusion controlled in the amorphous regions but not in the crystalline 
regions owing to the participation of hydrogen bonding in the reaction*
The effects of nonsolvent on the rate of degradation of CTA have received/
considerable attention in the past few years. Thinius et al.^^^have shown  ^
that the solvent played an important role in both acetylation and degradation 
reactions. They investigated different solvent systems including carbon 
tetrachloride, ketones, and ethers and found higher acetylation and degradation 
rates in the case of carbon tetrachloride. In a carbon tetrachloride-acetone 
mixture the degradation rate increased with the proportion of carbon tetra­
chloride in the mixture.
(127)
Staudingerv observed that a solution of prepared fibrous CTA, using 
benzene as a nonsolvent, had a lower viscosity than when an acetylating mixture 
containing pyridine was used, but he gave no explanation for this. .JCuznetsova 
and Klenkova^^’^ ^ ,  investigated the effects of benzene on the degradation 
process by examining the dependence of rate of change of molecular weight on 
the amount of benzene in the acetylation mixture. They found that the temperature, 
catalyst concentration and composition of the mixture influenced the rate of 
degradation but they didnot offer any quantitative relationship between these 
quantities.
Bytenskii, Kunetsova and Klenkova^^^ studied the kinetics of CTA degradation 
in various acetylation mixtures. The activation energy was found to decrease 
appreciably with increasing benzene content in the mixture. Their data also 
showed that not only was it possible to regulate the degradation process, with 
the preparation of CTA of predetermined molecular weight, but the process was a 
random one under the heterogeneous preparation conditions used. Based on the 
assumption that degradation occurs only at the glucosidic linkages between 
substituted units, an equation was derived for calculating the degree of 
polymerisation of CTA under any experimental conditions provided the rates of
degradation and acetylation were known' •
lyatakina et al.^ ^ ^  were the first to study degradation in binary and
ternary mixtures in the presence of sulphuric acid at various temperatures.
They reported that the activation energy was independent of initial degree of
polymerisation but increased with the percentage of acetic acid in the mixture. ^
Bhatti and H o w a r d ^ h a v e  studied the degradation of CTA in a chloroform-
acetic anhydride mixture in the presence of either sulphuric acid or perchloric
acid. They showed that the rate largely depended on the activity of these
catalysts. Sulphuric acid was reported to be much less effective than perchloric
acid under the same experimental conditions which was attributed to the lower
degree of dissociation of sulphuric acid in the mixture. Higher rates of
degradation were also found for both acid catalysts on increasing the temperature.
In the above review of cellulose acetate it has been mentioned that
sulphuric acid and perchloric acid were the only two catalysts which have been
widely studied in either methylene chloride or. chloroform. Another class of
catalysts, the metal halides, although reported in the degradation of 
(88}cellulose' 'have so far not been used for cellulose triacetate. The present 
work was devoted to the study of different metal halides as degradation catalysts
in a number of solvents. In order to elucidate the rate mechanism for the.
process a comprehensive programme of work was planned in which the separate 
effects of nature of catalyst, catalyst concentration, nature of solvent and 
temperature could be studied. The extent of degradation was followed by the 
decrease in viscosity of the solution with time from which the change in 
molecular weight could be followed.
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C H A P T E R  2
PREPARATION AND CHARACTERIZATION OP CELLULOSE TRIACETATE
Cellulose behaves like a poly( trihydroxy ether) in that it undergoes
esterification in the presence of various acids and an acyl anhydride*
Chemical substitution at the hydroxyl groups and degradative attack on the
glucosidic linkages between one monomer unit and another is largely restricted
by their location within the cellulose structure* The groups located in the \
amorphous regions react readily in all chemical reactions being in a highly
accessible environment* In the crystalline regions, where there is a close
packing and strong bonding interaction between the chains, these groups are
not readily accessible to reactant molecules^^* Heuser^^ describes the
reactivity of cellulose as a function of the accessibility of these hydroxyl
groups* Intermolecilar hydrogen bonding through- the hydroxyl groups effectively
cross-links the chains giving rise to a fine structure, which subsequently
(3)offers a hindrance to entering molecules of reactants' •
The cellulose, prior to acetylation, is therefore brought into an active
(4) •form with the aid of swelling agents* Urquhart' J studied the cellulose-water 
and
system/explained the manner in which the swelling agent affected the morphology
of the cellulose* Sebille-Anthoine^ and Sharkov et a l ^  activated cellulose
(l)in benzene and obtained the triester in about 30 minutes. Niki tin'17
investigated the freezing of alkali-swollen celluloses in dilute sodium
hydroxide solutions and assumed that whereas the formation of ice crystals
opens the swollen structure still further it also disrupts the interchain
forces* In a study of the swelling of cotton cellulose in cadoxen, ethylene
(8)diamine and cuprammonium hydroxide Evans and Jeffries' ' reported that 
absorption of a particular swelling agent is composed of two parts
(a) penetration of swelling agent between the microfibrils, leading to an 
expansion of the fibrillar arrangement (interfibrillar swelling) and
(b) the absorption of swelling agent within the crystalline fibrils themselves
(a)
(intrafibrillar swelling)* In this way Kido, Suzuki and Hayashi' 7 and
Howard and Parikh^^ successfully used acetic acid as swelling agent to
bring cellulose into an active form prior to acetylation.
The cellulose becomes more active by virtue of the molecular chain
(1 1)separation which hinders the reformation of intermolecular bonds' , thus
\
making more cellulosic hydroxyl groups accessible for the entering reactants. -
There are two methods of acetylation, solution acetylation (homogeneous
acetylation) and fibrous acetylation (heterogeneous acetylation). In solution
acetylation, the cellulose suspended in the reaction mixture passes gradually
into solution as acetylation takes place. In fibrous acetylation a sufficient
amount of an inert nonsolvent for cellulose triacetate, such as carbon tetra-
(12)chloride or benzene' 7 is present in the reaction mixture. The cellulose
triacetate so formed is, therefore, prevented from dissolving and thus the
fibrous structure is retained. It is believed that in fibrous acetylation, the
reaction at first takes place within the amorphous regions of the cellulose,
then the surface of crystallites are acetylated to the triester. Within the
crystallites, the reaction proceeds heterogeneously to produce a series of
partially acetylated regions between the unreacted interior parts and the 
(13)triester surfaces' '7.
It is known that acetic acid or acetic anhydride alone cannot produce a
fully acetylated cellulose^^, and therefore the use of catalysts is absolutely
essential even when the acetylation is carried out with cellulose already
swollen in a suitable media. Although numerous catalysts have received
attention, sulphuric acid and zinc chloride^^’ have been universally
employed. The usefulness of zinc chloride-lies in the fact that it is not
chemically bound to the cellulose and can be easily removed upon washing the
final product. Perchloric a c i d ^ * ^ ,  selenic acid^^, aniline salts 
(21)amides' 7, acetyl perchlorate (AcClO^) or mixtures of silver perchlorate and 
acetyl chloride^^ and sulphates containing metallic or ammonium ions^^, 
have also been used in the preparation of cellulose triacetate. Bhatti^^ has
fully reviewed the various catalysts reported In the literature.
In the present work preparation of cellulose triacetate was carried out 
using a mixture of acetic anhydride, acetic acid and carbon tetrachloride, 
and Howard and Parikh^^ have suggested a suitable composition for the 
acetylation mixture. In their extensive study of the role of catalyst in the y
(25)
reaction they proposed a mechanism based on the evidence of Burton and Prail 
for the acetylium ion (CH^CO+) being the effective acetylating agent. The 
reaction mechanism can be summarised as follows:
ZnClg + 2ACgO .....------— ■> . Ac2+[ZnCl2(OAc)2]2~
Ac2+[ZnCl2(0Ac)2]2~ + 2(-0H)  ---$> 2(-0-Ac) + H2+[ZnCl2(OAc)2]2~
H^+ [ZnClg ( OAc ) 2]2"*-- -----2AcOH + ZnClg
EXPERIMENTAL
/t
MATERIALS
The cellulose used throughout this work was kindly supplied by 
Dr. J.O Warwicker (Shirley Institute, Manchester). It was Acala 4-42 cotton, 
an American Upland Cotton (Gossypium hirsutum), which had been scoured in
2
1 °/o sodium hydroxide solution containing 0.15^ castor oil soap under 35 lbs/ins
excess pressure. The sample therefore was free of waxes and pectin and was
substantially pure cellulose.
The amounts of reactants used for 10 grams of cellulose were as follows: 
Carbon tetrachloride (laboratory grade) 636 grams
Acetic acid (glacial, AnalaR) 35*7 grams
Acetic anhydride (AnalaR, redistilled and dried) 109 grams
Zinc Chloride (B.33.H. stick form) 2.5 grams
PROCEDURE
A weighed amount of cellulose was first soaked in glacial acetic acid 
(1:50 by weight) for 72 hours at room temperature. Most of the excess acid
was then filtered off at the vacuum pump, when the activated and swollen 
cellulose was reweighed. A solution of zinc chloride was made up in a 
small volume of glacial acetic acid by warming gently at 40°C for 20 minutes 
and leaving it to cool to room temperature before use.
A known amount of the zinc chloride solution was added to a two litre
flask containing the measured amount of carbon tetrachloride, acetic 
anhydride, and just sufficient glacial acetic acid which together with that
in the swollen cellulose, gave the final composition given above. The
swollen cellulose, with its acetic acid, was then transferred to the 
acetylation mixture, which was thermostatted at the required reaction 
temperature. The mixture was well shaken every 12 hours during the course 
of acetylation.
After 8 days, the fibrous mass was taken out of the flask and transferred 
into a large sintered filter (Ho. 3)» washed thoroughly with petroleum t
/
ether, absolute alcohol and finally distilled water, followed by drying 
in a vacuum oven at 110°C for four hours. Pinal product was then kept in 
a calcium chloride desicator prior to analysis and molecular weight 
determination.
ANALYSIS OF CELLULOSE TRIACETATE 
SAPONIFICATION
(2 6)The method of analysis used was that of Howlett and Martin' ' for 
highly acetylated cellulose. The combined acetic acid .content was 
calculated from the following equation:
6.005 ( VI - V2 ) N
oj0 Ac0E =    ;- -----
W
where V1 is the actual titre, V2 is the blank titre without cellulose,
N is the normality of sodium hydroxide and w represents the weight of 
the sample.
. The results of a typical analysis are shown in table 2.1.
Table 2.1 
Analysis of Cellulose Triacetate
Wt. of CTA NaOH titre 
ml •
ml. of 0.1018N 
NaOH used for 
saponification
v/0 AcOH
Blank 12.15 — —
0.2963 42.40 30.25 62.41
0.3005 42.85 30.70 62.45
0.3160 44.35 32.20 62.29
Mean acetic acid yield = 62,38^
Theoretical value for cellulose triacetate « 62.50Jfc
MICRO ANALYSIS
Analysis of cellulose triacetate for its carbon and hydrogen content 
was carried out in the usual manner at the Microanalytical Unit of the 
University of Surrey, Duplicate analysis results are shown in Table 2.2 •
Table 2.2 
Microanalysis of CTA
Sample C
calculated
(a) :
found (b) calculated
H
(a)
found (b)
CT-1 50,00 ; 49.82 49.87 5.60 5.71 5.70
CT-2 50^00 49.79 49.76 5.60 5.61 5.55
CT-3 50.00 49.98 49.74 5.60 5.45 5.70
CT-4 50.00 50.08 50.07 5.60 5.53 5.52
MOLECULAR WEIGHT DETERMINATION
The number average molecular weight of cellulose triacetate was 
obtained using the dynamic osmometric method, which will be described in 
detail later.
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C H A P T E R  3
INVESTIGATION OP SUITABLE CATALYST-SOLVENT SYSTEMS FOR 
DEGRADATION STUDIES
The term "acetylation” is generally applied to the process by which 
an acetyl group (CH^C=0) is introduced into a compound so that a new C-C,
C-0 or C-N bond is formed. It is also regarded as a chemical process -which 
results in replacement of a hydrogen atom on carbon, oxygen, nitrogen or 
other elements, by an acetyl group.
Acetic acid and anhydride and acetyl halides are the most obvious 
acetylating agents. Acetic anhydride, however, is considered to be much 
more effective in the acetylation or degradation of CTA than the correspond­
ing acid or acetyl halides. In both the acetylation and degradation of 
cellulose the presence of a catalyst in addition to the acetic anhydride 
is necessary to bring about the desired chemical reaction. The extent of 
these reactions would depend on the nature of the catalysts and their 
interaction with acetic anhydride and possibly the solvent. This chapter 
is concerned with the choice of suitable catalyst-acetic anhydride-solvent 
systems in which the degradation of CTA could be studied.
It is known that acetic anhydride undergoes autoionization as shown in
(1)the equation' 7
(ch5co)2o ch^co* + CHyxxT (1)
According to solvent system theory, compounds which increase the 
concentration of acetylium ions (CH^CO; would be regarded as acids in
this solvent, while those compounds which increase the concentration of
— (2) (CH^COO”1") ions would be considered as bases. It has been suggested'
that the acetylium ion is in fact,the reactant species responsible for
the acetylation of cellulose and the degradation of CTA. Therefore, all
those compounds which are capable of donating a proton (Br^nsted acids)
or can accept a pair of electrons (Lewis acids) should produce a higher
acetylium ion concentration which in turn would result in a higher rate
of degradation.
On the hasis of the autoionization of acetic anhydride, Brj&isted and 
Lewis acids are expected to form a complex with acetic anhydride which may 
ionize to increase the concentration of acetylium ions, according to the 
equation
\
(CH5C0)20 + a * >  (CH^C0)20 . A ^ r " ^ ^  CH^C0+(CH^C00A)~ (2)
Among the Br^nsted acids sulphuric acid and perchloric acid are the
(3)most frequently used in the preparation and degradation of CTAX . The 
Lewis acids, although equally important and most commonly employed for 
C-acylation, have been little used in the acetylation of cellulose and or 
degradation of CTA. So far Zinc Chloride is the only Lewis acid which has 
attained some importance in CTA chemistry. Both the Br^nsted and Lewis 
acids will for the present be called 'catalysts1 in the above reactions, 
but their role will be described in more detail later.
A wide range of possible metal halide.: catalysts were considered for ' 
investigation. The solution compatibility of each one was tested with 
regard to its behaviour in the degradation mixture, and the basic requirements 
for selection are summarised as follows:
1
1) Catalyst must be soluble in the mixture to give a clear solution.
2) No precipitation or gelation must occur over a period of 24 hours.
3) Catalyst must not react with the solvent to form new products.
EXPERIMENTAL
MATERIALS
All the metallic catalysts and solvents used were either AnalaR quality 
or best technical grade if not available as AnalaR. For these preliminary 
investigations no further purification of the catalysts or solvents was 
carried out.
A weighed amount of vacuum dried (110°C) CTA was dissolved in 100ml of 
the solvent to give a stock solution and kept at room temperature for two
days, 10ml of this solution.was pipetted out into a 25ml graduated flas1; 
A known concentrated solution of the catalyst was prepared in acetic anhy 
and a measured volume was transferred to the polymer solution. The volur 
was then made up to the mark by further addition of solvent. The solutic 
was well mixed and any change in its appearance occurring over a period o 
24 hours at room temperature was recorded.
RESULTS
The final concentration of each reagent in the mixture was as follow:
CTA 0.5 g/dl.
Acetic anhydride 2.116 M
Metal halide 2.5 x 10  ^M
%
The behaviour of each catalyst in the different solvent-acetic 
anhydride-CTA systems is shown in Table 3.1*
DISCUSSION 0E RESULTS
During these preliminary investigations involving various catalyst- 
solvent systems a number of interesting observations were recorded. It 
can be seen from Table 3*1 that SbCl,., FeCl^, SnCl^, TeCl^, BiCl^, HgCl^ 
and HgBr^ should be satisfactory used for degradation studies in all the 
solvents except formic acid. In case of formic acid its decomposition we 
noticed in the presence of most of the metal halides examined, and is 
believed to result in the formation of carbonyl derivatives, as reported 
by Cleare and Griffith having the following compositions:
cis [ M(C0)2X4 ]2“ and cis [ MCco)^ ]~
where M = Os and Ru and X = Cl, Br, or I.
Evidence for some degree of interaction between the metal halide 
catalysts and the cellulose triacetate chain is provided by the gelling 
effect observed. Both ZnCl2 and ZnBr2 gave gelation when solutions of CT 
in pure chloroform, methylene chloride and tetrachloroethane were prepare
Table 3.1
Solubility of MX at Room Temperature in Solvent-Ac20-CTA Solution 
M  CHG1j CH.2— 2 —  m~Creso1 o-Cl-Phenol AcOH BiClAcOH DMSO HCOOH
1. FeCl,
j
A A A AE
2. TeCl.
4
A A A AE
3. SbClc A A A AE
4. SbCl, A A A A
5. SnCl . 4
A A A AE
6. BiCl-
5
A* A* A* A
7. ZnCl2 ABC AB AB A
8. ZnBr2 ABC AB AB A
9. Znl2 - - - -
10, HgCl2 A A A A
11. HgBr2 A A A A
12. Hgl2 - - - -
13. CuClg - - -• -
14. CdCl2 - - - -
15. CdBr2 - - - -
16. Cdl2 - - - -
17. TiCl.4
B - - -
18. A1C1_
5
- - -
19. AlBr_j
- - - * -
20. MgCl2 - - -
21. Mgl2 i A A* A ’ A
SYMBOLS
A soluble in the mixture
B soluble in the solvent
C . alcohol .free chloroform 
• B gelation with polymer present 
E appreciable heat liberated
AE A A A AF
AE+ A A A AF
AE A+ A+ A AF \
A A A A -
AE A A A AF
A A A A AF
A A A A A£
A A A A AF
- & - ¥ &
A A A* A AF
A A A* A
■n
AF
— — —
B
& / -
- - - & -
- - - & -
- - - B/ -
- - - B . B
_ — — — &
- - - & &
A A A A+ AF
F solvent decomposition 
* slight pptn. after 24hrs. at R.T. 
+ colour changes after 24hrs.
/ warming required for dissolving 
in acetic anhydride or solvent
_ i*\So4uHe
However when AnalaR chloroform, containing 2-37° alcohol, was used gelation
did not appear, hut in the case of methylene chloride and tetrachloroethane
gelation appeared even in the laboratory grade reagents. BiCl, gave no
gelation, but solutions showed the appearance of gel particles (transparent
—2grains) when much higher concentration (10 x 10 M) were used under the 
same experimental conditions.
Gelation was more obvious when the temperature was lowered to 15°C or 
even 10°C. As the temperature was raised (above 30°C) gelation started to 
disappear and eventually a clear solution was obtained. Addition of a few 
drops of alcohol also gave a clear solution in the case of chloroform, at 
room temperature.
(5)Further qualitative investigations' ' have also shown that increasing 
zinc chloride or CTA concentration gave more rigid gels but less gelation 
occurred as the acetic anhydride concentration was increased. They 
suggested that the strength of the final gel was related to the concentration 
of CTA, whereas the rate of gelation and the extent of gelation were 
related to the ratio of zinc chloride to acetic anhydride.
On the basis of the information available regarding gelation it is to 
be assumed that this anomalous behaviour with metal halides could be 
attributed to some degree of loose cross-linking between the polymer chains. 
This cross-linking was considered to be due to either partial chain 
aggregation or an extensive network formation.
From these preliminary investigations for the selection of catalyst J 
and solvent, it was decided to study the following combinations of catalysts 
and solvents.
1) HgClg and HgBrg in all the solvents (excluding formic acid).
2) ZnClg and ZnBr^ in all the solvents excluding chloroform,Mnethylene 
chloride and tetrachlorethane.a
3) FeCl^, SbClj., SnCl^^SbCl^ and BiCl^ in chloroform, methylene chloride 
and tetrachloroethane.
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C H A P  T E R 4 
PURIFICATION OF SOLVENTS AND SELECTED CATALYSTS
PURIFICATION OF SOLVENTS
The solvents selected for degradation studies (see chapter 3) were 
available either as laboratory grade or AnalaR grade reagents. In the 
present work solvents (except m-cresol and o-chloro phenol) of AnalaR grade 
were further purified and each stored over a suitable drying agent, 
.Fractional distillation was employed for purification and the middle 
fraction boiling over a narrow range was collected.
Chloroform
AnalaR chloroform contains 2 to y/o absolute alcohol which is present
' (1) as a stabiliser. The method adopted to remove alcohol was that of Vogel'1 ,
in which chloroform was washed several times with 5ck of its volume of
concentrated sulphuric acid, then distilled water, and finally dried over
anhydrous calcium chloride for 24 hours. This was followed by fractional
distillation collecting the middle fraction boiling at 60.0 - 61.0°C. The
pure solvent was stored over a molecular sieve in a dark bottle to avoid
the photochemical formation of phosgene. A small quantity was purified
each time as required and then used as soon as possible.
Methylene chloride
This solvent was purified according to the method described-by
(2)Maryott et alv • A small sample of the solvent (125ml) was washed twice 
with separate amounts of concentrated sulphuric acid (10ml), followed by 
three separate washing with N/4 sodium hydroxide (20ml) and then thoroughly 
washed with distilled water until neutral to litmus. The solvent was left 
to stand overnight over a mixture of sodium hydroxide pellets and anhydrous 
calcium chloride, and then fractionally distilled in a 60cms. Widmer 
column. The fraction boiling 39 «0 - 40.0°C was collected and stored over a 
molecular sieve.
Tetrachloroethane
(*)
The method of purification was that of Vogelw / , in which a sample of 
the solvent (135ml) ^as stirred with concentrated sulphuric acid (17ml) 
for some time at 80-90°C# Ihe acid layer was separated and the process 
repeated until the acid remained colourless. The solvent was washed thoroughly 
with distilled water, steam distilled, washed again with distilled water, 
dried over potassium carbonate, and finally distilled through a 45c®»
Widmer column. The fraction boiling at 145*5“'l46.0OC was collected. The 
pure solvent ?ras stored over a molecular sieve.
Acetic acid
The method of purification for acetic acid was relatively simple^.
i
Acetic anhydride was added corresponding to the amount of water present 
(1-27o). The acid was heated for one hour just below the boiling point in 
the presence of 2g chromium trioxide per 100ml of acid. The acid was then 
fractionally distilled collecting the fraction boiling at 118°C, and 
stored over a molecular sieve.
Dichloroacetic acid
The sample available was of relatively high purity (99/®)* It was, 
nevertheless, dried over magnesium sulphate and then distilled as 
described in the literature^. The fraction boiling at 193-194°C was 
collected#
Dimethyl sulphoxide
Commercial DMSO contains mainly water and small, quantities of dimethyl 
sulphide and dimethyl sulphone. The removal of these impurities was 
therefore carriedout according to the method suggested by Dolman and 
Stewardw / . The DMSO was stirred over powder calcium hydride and distilled 
under reduced pressure with a nitrogen bleed and using a Perkin Triangle 
for collecting fractions. In this way the DMSO was, therefore, protected 
from atmospheric moisture and oxygen.
o-Chlorophenol
The commercial o-chlorophenol was 99*5°J° pure, which was considered to 
he of sufficient high purity as to preclude the need for fractional 
distillation which might lead to further decomposition or autoxidation.
This solvent was, therefore, dried over a molecular sieve and used without
\
further purification. 
m-Cresol
Commercial m-cresol contains orth- and para-eresol as impuritfes which 
because of their similarity to the parent solvent would not be expected 
to interfere with its solvent properties. The sample used was at least 
99^ ° pure and thus no further purification was deemed necessary.
ACETIC ANHYDRIDE
Since the role of acetic anhydride in the degradation of cellulose 
triacetate is ineffable it is therefore absolutely essential that this
/
reagent should be highly purified.
The method of purification of acetic anhydride adopted in the present 
work was that of Morihora^. The reagent was mixed with a few drops of 
concentrated sulphuric acid and the mixture was re fluxed for two hours.
The dark mixture was immediately distilled through a Widmer column and 
the fraction boiling at 137~^39°C was collected and stored over a molecular
. V
sieve. Owing to the extremely hygroscopic nature of acetic anhydride, it 
was redistilled after every two weeks.
Check on Solvent Purity
The purity of the solvents was checked by carrying out refractive 
index measurements and, where possible, comparing the values with those 
reported in the literature. Measurements were made at different temperatures 
as required using a Degree Scale-1 Abbe 60 Refractometer. The temperature of 
the water in the circulation bath was controlled and read to 0.05°C. A 
Temperature Correction of -f7*8x10~^ per degree difference in temperature 
was applied to all values other than the calibration temperature of 20 and 25°C.
Table 4*1
Refractive Indices of Purified Solvents
Solvent Tempera- n ,, Deviation
ture C exp
Chloroform 20 1*44597 1.44590^ +0.005
Methylene chloride 20 1*42430 1.42420^^ +0.007
Tetrachloroethane 20 1.49343 1.49400^ -0.038
Acetic acid 25 1.36987 1.36976^8^ -0.008
Dichloroacetic acid 22 1.46354 1.46590^ -0.161
Dimethylsulphoxide 20 1.47563 1.47830^^ -0.181
o-Chlorophenol 20 1.55573 1.55240^ +0.213
m-Cresol 20 1.53950 1.53980^ -0.020
Acetic anhydride 20 1.38980 1.39006^ -0.019
PURIFICATION OF CATALYSTS
The catalysts selected for the degradation studies were highly 
hygroscopic in nature. It was, therefore, necessary that these catalysts 
should either he purchased in the pure and anhydrous form or purified 
from the hydrated form in the laboratory. Purification of these catalysts 
to yield 100 °/o purity was not considered necessary, and a catalyst which 
was available in anhydrous form with a purity 'y 98fo was used without 
further treatment. Those catalysts, which were purchased as anhydrous 
(unless indicated) are listed below together with their percentage purity 
and name of supplier.
Catalyst ,
Mercuric chloride (AnalaR)
Mercuric bromide (AnalaR)
Zinc chloriddanhydrous )
Zinc bromide (Lab. Reagent)
Stannic chloride (Lab. Reagent)
Antimony trichloride (AnalaR)
Antimony pentachloride (Technical)
Bismuth trichioride(anhydrous)
Ferric chloride (AnalaR,hydrated)
c/o Purity (minimum) Supplier
99.5 B.D.H
98.5 B.D.H
98.0. B.D.H •
98.0 B.D.H
98.0 B.D.H
99.5 B.D.H
B.D.H
99.0
98.0
Research Org/lnorg. Chem. 
Corp. California.
B.D.H
PURIFICATION OF FERRIC CHLORIDE
The AnalaR ferric chloride was available only in the hydrated form and 
removal of water of crystallization was,therefore,absolutely essential. The
i (10)
procedure for purification was that of described by Cockng with some 
modification.
A long glass tube was made into three compartments but separated by 
quite wide constrictions. The hydrated ferric chloride was placed into the
end compartment with the help of a long neck funnel# The glass tube was 
connected to a vacuum pump and ferric chloride was sublimed under vacuum 
into the second compartment by heating with an electric tape trapped round 
the compartment. The procedure was repeated to sublime this ferric chloride x 
from the second compartment to the third compartment which was fitted with 
a break seal, so that a vacuum ampoule was obtained.
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C H A P T E R  5
DETERMINATION OP LIMITING VISCOSITY NUMBER VALUES PROM SINGLE-POINT 
VISCOSITY DETERMINATIONS
The viscosity of a liquid is defined as the tangential force acting
on unit area of either of two parallel planes at unit distance apart,
when the space between the two planes is filled with liquid and one of
the plane moves relative to the other with unit velocity in its own plan
-1 -1The absolute unit of viscosity has the dimensions g* sec • cm • and it 
usually represented in poises or centipoises*
Several quantities are used to express solution viscosities* Their 
defining equations and names are given in table 5*1*
Table 5*1 
Viscosity Terms
1
Common name Name recommended by the 
International Union of 
Pure and Applied Chemistry
Defining equation
Relative viscosity Viscosity ratio 71 t7) _ = as —■rel ti t o o
Specific viscosity ^sp “ ^rel *" ^
n - nc ' t -
Reduced viscosity Viscosity number
7)
r, - S i ­
red. c
Logarithmic reduced Logarithmic viscosity ln,,rel ^log “ c
viscosity number
Intrinsic viscosity Limiting viscosity w - HP)c=o
number (L*V*N*)
- ( lni1rel) v c 'c=o
t )  ■* viscosity of solution t ) Q  *= viscosity of pure solvent
t « flow-time of solution t = flow-time of pure solvento
c *= concentration of solution
Viscosity measurements on dilute polymer solutions are often used as 
a means of characterization, as these solutions exhibit greater viscosities 
than those of the pure solvents, Staudinger^ was the first to point 
out the dependence of the viscosity of dilute polymer solutions on the 
molecular weight of the polymer and attempted to express it quantitatively 
as follows:
Dsp/c - k m (5.1)
where M ;is the molecular weight and K is an empirical constant. This 
equation can be used for the approximate determination of the molecular 
weight of polymers. In many cases, it was found that Staudinger*s equation 
proved inadequate, since it had been deduced for rigid rod-like molecules,
which seldom exist in real solutions.
(2) fx}
Mark'1 ' and Houwink' ' proposed a more general equation in which the
dependence of intrinsic viscosity (L.V.N.) on the molecular weight was
/
. ;
given by
[n] - km“ (5.2)
Here K and a are constants for a given polymer-solvent system at a 
constant temperature and M is ideally the molecular weight of the 
homogeneous polymer.
Further investigations established the dependence of the viscosity of 
polymer solutions on the factors which determine the volume occupied by 
the dissolved macromolecules. Such factors, operating in conjunction 
with the molecular weight, are interaction of polymer with solvent, 
chemical structure of the polymer and concentration of the solution.
Dilute solutions of cellulose triacetate and other polymers are 
considered as true solutions consisting of coiled molecules randomly 
distributed throughout the solution. The single macromolecules are 
therefore kinetically free units. The coiling of macromolecules in 
solution is a typical property of linear polymers and is caused by the
long length and flexibility of the macromolecular chains, It: follows that 
the dimensions of the macromolecular , coils depend on the chemical structure 
and length of the molecules. For a short molecule the flexibility is 
limited by stereochemical factors but as the molecular weight increases 
the chain flexibility also increases and the molecule becomes more coiled.
In the beginning the coil is permeable to the solvent, but subsequently the 
‘ solvent no longer passes freely through the more compact coil due to 
solvation.
Two factors, however, are considered to be responsible for the dependence 
of the viscosity on the dimensions of macromolecules:
(i) The macromolecular coil could be nonsjherical and permeable t6 
the solvent, and
(ii) The effective volume occupied by the dissolved macromolecule is 
greater than that of the macromolecule itself.
Conventionally, the size of the polymer chain is expressed by the /
distance *r' between the chain ends. When it is fully stretched, this
distance *r* will represent the total length of the macromolecule or its
maximum chain length. Since the molecular chain is more or less coiled,
the two chain ends are at a distance which is less than the total length
of the chain. 3k the case of a statistically random coil, the probability
of this distance is given by the Gauss function. The average dimension *r*
of the chain, is given by the square root of the mean square distance
I "2
between the chain ends, j r .
The size of the coil may also be characterised by the square root of
J J U J X J  C U J . U  X U A  U U I I O I U C X C U  1 / X i C  i i i e l U X < J i U < J J L  C  Ki U i a f  U U J L J L  b U  U 6  A J J t i m a t  e l y
spherical in shape and its volume to depend not only on the length and 
flexibility of the macromolecules, but also on the nature of the solvent. 
They proposed the following relationship for a randomly coiled chain:
the mean square hydrodynamic radius (or gyration radius)9\J ?
where (p is a universal constant for all polymers having a value of 
21
2.1 x 1 0 .
It is thus possible to determine the coil dimensions of cellulose and
cellulose derivatives in solution from viscosity measurements, provided
the molecular weight of the polymer is high enough to give a randomly
coiled molecule in solution. Such coiling may also take place in a
'poor solvent* where solvation linkages (polymer-solvent contacts) are
very few. The interaction of polymer with solvent affects the limiting
viscosity number as well as the concentration dependence of the viscosity
(5)number, as expressed by an equation due to Hugginsw / :
t)ap/c = [l] + K' [i)]2c (5.4)
where K*, known as the "Huggins constant'*, is independent of molecular
/
weight.
SINGLE-POINT DETERMINATION OF L.V.N.
Degradation of cellulose triacetate is generally followed by a change
in solution viscosity with time. Ihjorder to calculate the change in
molecular weight with time, the limiting viscosity number (L.V.N.) must be
evaluated for each viscosity value recorded during degradation. A method
is therefore required which can be successfully used to evaluate L.V.N.
values at various times. .
(6)Maron' ' has described a method, which involves the mathematical
treatment of the separate plots of Dgp/c and (lnT^^/c against c. A
(7-9)number of other equations have also been proposed' . Solomon and 
Goteman^^ have derived the following equation:
V°
W  TTTWX7" (5’5)
This remarkably simple equation, which contains no constants characteristic
of the polymer-solvent system, was successfully used in the present work* 
The derivation of the Solomon-Goteman equation is shown in Appendix 1*
EXPERIMENTAL
The viscosities of solutions of cellulose triacetate in chloroform- 
acetic anhydride, methylene chloride-acetic anhydride and tetrachloro- 
ethane-acetic anhydride mixtures were determined at various temperatures 
ranging from 15°C (in case of methylene chloride mixtures) to 50°C { 
(tetrachloroethane mixtures).
All viscosity measurements were made using Ubbelohde viscometers with 
certain modifications. Quick-fit joints were adopted to give a closed 
system so as to avoid evaporation of the solvent. A special viscometer- 
head incorporating grease-free PTPE taps (shown in Pig. 5*1) ^as designed 
to facilitate the experimental procedure, and avoid any atmospheric 
contamination of solvent or solution.
/
The viscometer was first cleaned in chromic acid solution and then 
washed with filtered distilled water several times. This was followed 
by rinsing with acetone and then drying by passing dry filtered air 
through the viscometer. The viscometer was held in a special holder 
(Townsen and Mercer Ltd.)designed to keep the viscometer in vertical 
alignment, and suspended in a water-bath (controlled to + 0.01°C) from a 
levelled platform, so that bulb E (Fig* 5«2) was fully immersed in the 
water.
The experimental set-up used for the determination of CTA solution 
viscosities and the degradation studies is shown in Fig. 5*2* The 
viscometer (a ) is seen fitted with the special viscometer head (b ) which 
was connected at one end to a silica-gel drying tube (D), and at the other 
end to a solvent trap (C). The trap (C) contained glass wool moistened 
with the working solvent at the temperature of the bath, which effectively 
minimised evaporation of solvent from the viscometer when air was blown
through it. Trap (C) was then connected through a drying tube to a blow 
bulb (G).
A flask containing the working solvent and a Grade-A pipette were kept 
in the thermostat bath, so.that temperature equilibrium after making 
additions to the viscometer was quickly established. A cooling unit (E) \ 
was used for temperatures below 25°C, and all temperatures were checked 
frequently with a thermometer (H), reading to 0.01°C. Flow-times were 
measured using a fully^ound stop watch (f ) reading to 0.01 seconds.
About 10ml of the thermostatted solvent (filtered with No.3 sinter) 
was pipetted out into the bulb A (fig. 5*1)* With taps 2 and 4 closed 
and 1 and 3 open, the solvent was drawn up the tube G until it half filled 
bulb E. Taps 2 and 4 were then simultaneously opened while taps 1 and 3 
were closed. As soon as the column of solvent in bulb E began to fall it 
become broken at point B. The falling level of the suspended liquid 
column was carefully followed, and the time taken by the solvent level to 
fall from the upper to the lower mark of bulb 3) was measured with the stop 
watch. At least three consecutive flow-times were measured, which agreed 
to within + 0.05 seconds, and the average value calculated.
The viscometer was drained off, and dry filtered air was passed.
through it to remove all traces of solvent.
CTA solutions were prepared by dissolving vacuum dried (110°C) CTA in 
sufficient solvent contained in a Grade-A flask. The solution was 
brought to the mark at the required working temperature, and then left 
for a further three days to ensure that all of the polymer was molecularly 
dispersed. 10ml of this solution (filtered through a No.3 sinter) were 
introduced with a Grade-rA pipette into the dry viscometer, avoiding 
wetting of the glass walls of the filling tube. The flow-time of the 
solution was then recorded as described above. 10ml of the thermostatted
Fig 5.1
co o LU X
Fig 5*2
previously filtered Bolvent were than added to hulb A* The solution was 
• stirred hy bubbling air, saturated with solvent, through tap 1 while taps 
2 and 4 were closed and tap 3 was open. The solution was forced up twice 
into tube C to ensure uniform mixing, and the flow-time was then recorded*
An adequate mixing was shown by the reproducibility of the readings. 
Similarly the flow-times of polymer solution at 4-5 different concentrationo 
were determined by simply making further dilutions with known volumes 
of solvent.
RESULTS
The results obtained from viscosity-concentration measurements in
chloroform-acetic anhydride, methylene chloride-acetic anhydride and
%
tetrachloroethane-acetic anhydride for three samples of cellulose tri­
acetate at various temperatures are shown in Tables 5*2-5*7* HLots of 
viscosity number versus concentration are shown in Figures 5«5-5*5» 
extrapolation to zero concentration being carried out by the method of 
least-squares. Table 5*8 shows the viscosity results for cellulose tri­
acetate samples in methylene chloride-acetic anhydride-benzene mixtures,
2 'x /2
at 30° C. The mean-square end-to-end distance calculated as ( r ) ' , 
for CTA in methylene chloride-acetic anhydride-benzene mixtures is given 
in Table 5*10*
TABLE 5*2
VISCOSITY-CONCENTRATION BATA FOR SAMPLES OP CELLULOSE TRIACETATE IN
CHLOROFORM-ACETIC ANHYBRIDE MIXTURES 
(Temperature 20°C)\
Sample Concn. Flow-time t) _ Viscosity [u]or« 
g./dl. secs* re number
CT-1 0 82.53
0.8100 154.31 1.8697 1.0737 0.832
O .4050 114.83 1.3914 O .9663 O.854
0.2700 103.25 1.2511 0.9299 0.858
0.2025 97.80 1.1850 0.9137 0.860 slope=0.265
0.1620 94.60 1.1462 0.9028 0,861
0.1350 92.50 1.1208 0.8948 0.860 ft) >0.8593
CT-2 0 82.53 - - -
0.8290 256.44 3.1072 2.5419 1.493
0.4145 150.51 1.8237 1.9872 1.560
0.2763 124.23 1.5053 1.8284 1.560
0.2072 112.58 1.3641 1.7568 1.566 slope=1.110
O .1658 105.96 1.2839 1.7125 1.564
0.1382 101.76 1.2330 1.6866 1.565 [t)]-1.5276
CT-4 0 82.53 - - -
0.8795 207.56 2.5150 1.7226 1.146 /
0.4397 134.42 1.6287 1.4298 1.182
0.2932 115.09 1.3945 1.3457 1.189
0.2199 106.26 1.2875 1.3077 1.193 sloped.544
0.1759 101.20 1.2262 1.2861 1.195
0.1466 97.84 1.1855 1.2656 1.191 [t)]*=1 .1882
(Temperature 25°C)
CT-1 0 86.84 - - -
0.8485 160.32 1.8461 0.9972
0.4242 119.75 1.3790 O .8933
0.2828 108.01 1.2438 0.8620 slope=0.243
0.2121 102.34 1.1785 0.8415
0.1697 99.10 1.1412 0.8320 [t)]«0.7911
CT-2 0 78.54 -
0.8272 217.69 2.7717 2.1418
0.4136 135.21 1.7215 1.7444
0.2757 113.61 1.4465 1.6193 slope=0.934
0.2068 103.88 1.3226 1.5600 - 
O.I654 98.39 1.2527 1.5274 [u>1.3658
CT-4 0 78.54 - -
0.8035 170.04 2.1650 1.4499
0.4017 118.25 1.5056 1.2585
0.2678 103.75 1.3210 1.1985 slope=0.475
0.2009 96.90 1.2338 1.1638
0.1607 92.97 1.1837 1.1431 [t)>1.0685
DETERMINATION OP L.V.N. OP THE THREE SAMPLES IN CHLOROFORM-ACETIC ANHYDRIDE
. MIXTURES
20 C
0 - CT-2 
o- CT-4 
A -  CT-1
2.5
2.0
40 C
25 C
20 C
25 C
1.0
0.5 0.70.50.4
Concn. g./dl.
■0.30.1
PIG. 5.3
VISCOSITY-CONCMTRATION DATA FOR SAMPLES OF CELLULOSE TRIACETATE IN
CHLOROFORM-ACETIC ANHYDRIDE MIXTURES
(Temperature 30°C)
Sample Cone.
g./dl.
Flow-time 
sees. \el
Viscosity
number
CT-1 0 74.51
0.8250 133.52 1.7920 0.9600
0.4125 101.15 1.3575 0.8667
0.2750 91.62 1.2296 0.8349 slope=0.226;
0.2062 87.10 1.1690 0.8194 -
0.1650 84.48 1.1338 0.8109 [i]=0.7730
CT-2 0 74.51 _ _
0.8507 202.22 2.7140 2.0633
0.4153 127.06 1.7053 1.6981 slope=0.867
0.2769 107.05 1.4367 1.5771
0.2077 98. 07 1.3162 1.5226 -
0.1661 92.95 1.2475 1.4897 [ti]=i.3413
CT-4 0 74.51 _ —
0.7882 157.02 2.1074 1.4050
0.3942 110.40 1.4817 1.2223
slope=0.4560.2627 97.25 1.3052 1.1618
0.1970 91.14 1.2232 1.1327 -
0.1576 87.68 1.1767 1.1209 [»)>1.0444
(Temperature 40 °C)
CT-1 0 75.24 — - -
0.8338 133.90 1.7796 0.9350
0.4169 101.75 1.3524 0.8453
0.2779 92.26 1.2262 0.8140 slope=0.219
0.2048 87.53 1.1633 0.7972 -
0.1668 85.13 1.1315 O .7885 [ti > 0.7527
CT-2 0 67.93 ..
0.8958 193.27 2.8451 2.0598
0.4479 118.68 1.7471 1.6680
0.2986 99.25 1.4611 1.5442 slope=0.847
0.2239 90.57 1.3333 1.4883 -
0.1792 85.66 1.2610 1.4568 [t)>1.2968
CT-4 0 75.24 — —
0.8000 156.80 2.0840 1.3550
0.4000 111.00 1.4753 1.1882
slope=0.4210.2667 97.89 1.3010 1.1286
0.2000 91.83 1.2205 1.1025 -
0.1600 88.32 1.1738 1.0862 [r)>1.0182
TABLE 5.4
VISCOSITY-CONCENTRATION BATA FOR SAMPLES OF CELLULOSE TRIACETATE IN
■METHYLENE CHLORIDE-ACETIC ANHYDRIDE MIXTURES
(Temperature 15°C)
Sample Concn. Flow-time \el Viscosity 
g./dl. secs. number
CT-1 0 77.99
0.4360 112.93 1.4480 1.0275
0.2907 100.31 1.2862 0.9845
0.2180 94.61 1.2131 0.9775 slopee0.224
0.1744 91.15 1.1687 0.9673
0.1453 88.87 1.1396 0.9601 [t)>0.9267
CT-2 0 70.94
0.5024 155.89 2.1975 2.3836
0.3349 121.72 1.7158 2.1374
0.2512 106.84 1.5061 2.0147 slope** 1.440
0.2010 98.78 1.3924 1.9522
0.1675 93.51 1.3182 1.8997 0]=1.6577
CT-4 0 70.94 -
0.5080 135.20 1.9058 1.7831
0.4064 119.70. 1.6873 1.6912
0.3387 110.09 1.5519 1.6295 slope=0.889
0.2903 103.67 1.4614 1.5894
0.2540 99.OO 1.3955 1.5571 [ti]=1.3303
(Temperature 20°C)
CT-1 0 74.49 - -
0.6123 125.16 1.6802 1.1109
0.4082 106.30 1.4270 1.0461
0.3061 97.61 1.3104 1.0140 slope=0.304
0.2449 92.71 1.2446 0.9987
0.2041 .89.51 1.2016 0.9877 [t)]=G.9236
CT-2 0 74.49 - -
0.5290 171.80 2.3063 2.4694
O .3527 131.98 1.7718 2.1882
0.2645 114.82 1.5414 2.0468 slope*=1.573
0.2116 105.41 1.4151 1.9617
0.1763 99.72 1.3387 1.9212 [t)]=i.6347
CT-4 0 67.48 -
0.5008 127.54 1.8900 1.7771
0.3338 104.34 1.5462 1.6363
0.2504 93.95 1.3923 1.5665 slope=0.809
0.2003 88.25 1.3078 1.5367
0.1669 84.44 1.2513 1.5057 [t)>1.3695
-04-
TABLE 5.5
YISCOSITY-CCMCEHTRATION BATA FOR SAMPLES OF CELLULOSE TRIACETATE IN
METHYLENE CHLORIDE-ACETIC ANHYDRIDE MIXTURES
(Temperature 25°C)
Sample Concn. Flow-time \ el Viscosity 
g./dl. secs. number
CT-1 0 64.65 - -
0.8736 125.52 1.9106 1.0425
0.4368 91.35 1.4130 0.9455
0.2912 81.79 1.2651 0.9104 slope=0.231
0.2184 77.26 1.1950 0.8928
0.1747 74.58 1.1536 O .8792 [t)>0.8420
CT-2 0 64.65 - -
0.5476 143.32 2.2169 2.2222
0.3651 112.13 1.7344 2.OII4
0.2738 98.5-1 1.5237 1.9131 slope-1.128
0.2191 90.85 1.4052 1.8494
0.1825 86.01 1.3304 1.8104 [t)]=1.6030
CT-4 0 64.65 -
0.8130 164.28 2.5411 1.8956
0.4065 106.14 1.6417 1.5786
0.2710 90.61 1.4015 1.4815 slope=0.754
0.2033 83.53 1.2920 1.4365
0.1626 79.42 1.2285 1.4053 [t)>1.2795
(Temperature 30°C)
CT-1 C 62.01 -
0.8106 111.01 1.7902 0.9748
0.4053 84.22 1.3582 0.8838
0.2702 76.30 1.2304 O .8527 slope=0.227
0.2026 72.51 1.1693 0.8284
0.1621 70.34 1.1343 0.8284 O>0.7909
CT-2 0 62.01 -
0.5615 131.71 2.1240 2.0017
0.4212 110.73 1.7857 1.8655
0.2808 92.25 1.4877 1.7369 slope=0.943
0.2106 83.78 1.3511 1.6672
0.1685 79.05 1.2748 1.6312 [r)]=1.4705
CT-4 0 68.64 - -
0.8039 169.03 2.4626 1.8194
0.4019 109.27 1.5919 1.4726
0.2680 94.10 1.3709 1.3841 slope=0.785
0.2010 87.11 1.2691 1.3390
0.1608 83.23 1.2126 1.3223 [i)]« 1.1-794
DETERMINATION OF L.V.N. OF THE THREE SAMPLES IN METHYLENE CHLORIDE-
ACETIC ANHYDRIDE MIXTURES
20 C
15 C
O- CT-2 
a- CT-4 
k- CT-1
2.5 25 C
20 C2.0
1.0
0.5 0.80.70.50.30.20.1
TABLE 5 .6
VISCOSITY-CONCENTRATIOH BATA FOR SAMPLES OF CELLULOSE TBIACTATE IN
TETRACHLOROETHAEE-ACETIC AMHYERIBE MIXTORBS 
(Temperature 20°C)
Sample Concn. FIon-time 1reT Viscosity
g./dl. secs. numLer
0 54.24
0.8390 107.31 1.9784 1.1661
0.4195 77.50 1.4288 1.0222
slope **0.3460.2797 69.OO 1.2721 0.9728
0.2097 65.02 1.1987 0.9473 -
0.1678 62.75 1.1569 0.9350 [t) >0.8762
0 54.24 — —
0.8110 148.54 2.7386 2.1438
0.4035 93.05 1.7155 1.7645
0.2703 78.43 1.4460 1.6500 slope=0.899
0.2027 71.73 1.3224 1.5901 -■
0.1622 68.02 1.2541 1.5666 [>>1.4099
0 54.24 • —
0.8830 141.40 2.6069 1.8198
0.4415 90.35 1.6657 1.5078
slope=0.6710.2207 70.72 1.3038 1.3762
0.1472 64.76 1.1939 1.3175 -
0.1104 62.04 1.1438 1.3028 [r)>1.2228
(Temperature 30°C)
CT-1 0 45.71
0.7006 78.58 1.7192 1.0266
0.3503 60.73 1.3286 0.9383
0.2335 55.41 1.2122 0.9089 Slope=0.252
0.1751 52.87 1.1566 0.8854
0.1401 51.38 1.1240 0.8854 [ij]—0.8501
CT-2 0 42.72 -  -
0.8837 124.20 2.9073 2.1583
0.4418 75.84 1.7753 1.7546
0.2946 63.27 1.4810 1.6331 slope=0.871
0.2209 57.64 1.3493 1.5809
0.1767 54.39 1.2732 1.5456 [n >1 .3831
CT-4 0 42.72
0.8162 97.68 2.2865 1.5762
0.4081 66.23 1.5503 1.3485
0.2731 57.48 1.3455 1.2653 slope=0.553
0.2041 53.55 1.2535 1.2424
0.1632 51.20 1.1985 1.2160 [rj]=1.1235
-o y -
TABLE 5*7
VISCOSITY-CONCENTRAT ION BATA FOR SAMPLES OF CELLULOSE TRIACETATE IN
TETRACHLOROETHANE-ACETIC ANHYDRIDE MIXTURES '
(Temperature 40°C)
Sample Concn. Plow-time T)rel Viscosity 
g./dl. secs. number
CT-1 0 92.09 -
0.7922 166.61 I.8O92 1.0214
0.3961 125.56 1.3634 0.9176
0.2641 113.56 1.2331 0.8829 slope=0.265
0.1981 107.84 1.1710 0.8636
0.1584 104.55 1.1353 0.8539 [r)>0.8122
CT-2 0 77.77
1.0238 247.83 3.1867 2.1359
0.5119 145.92 1.8763 1.7119
0.3413 120.06 1.5439 1.5934 slope=0.802
0.2559 107.95 1.3881 1.5162
0.2048 101.29 1.3024 1.4770 [t]>1.3118
CT-4 0 77.77
0.7960 165.55 2.1287 1.4180
0.3980 115.97 1.4912 1.2341
0.2653 101.86 1.3098 1.1674 slope=0.474
0.1990 95.33 1.2258 1.1346
0.1592 91.60 1.1778 1.1170 .0420
(Temperature 50°C)
CT-1 0 65.15 - -
0.8485 116.45 1.7874 0.9280
0.4242 88.42 1.3572 0.8419
0.2828 80.15 1.2302 0.8141 slope«=0.196
0.2121 76.23 I.I7OI 0.8017
0.1697 73.96 1.1352 O.7969 [tj]=0.7608
CT-2 0 65.15
0.8042 156.00 2.3945 1.7340
0.4021 104.02 1.5966 1.4838
0.2681 89.69 1.3767 1.4051 slope=0.607
0.2010 83.06 1.2740 1.3673
0.1608 79.24 1.2163 1.3446 [r)]=1.2441
CT-4 0 77.27
0.8479 161.95 2.0959 1.2925
0.4239 114.33 1.4796 1.1313
0.2826 100.89 1.3057 1.0816 slope=0.367
0.2120 94.61 1.2244 1.0586
0.1696 90.96 1.1772 1.0448 [ t) >0.9797
DETERMINATION OP L.V.N. OF THE THREE SAMPLES IN TETRACHLOROETHANE-
ACETIC ANHYDRIDE MIXTURES
*
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G -  CT-4 
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0.7
TABLE 5,8 >
VISCOSITY-©OHCENTRAT ION BATA FOR SAMPLES OF CELLULOSE TRIACETATE IN
METHYL-""E CHLORIBS-ACETIC ANHYDRIPE-BENZENE MIXTURES AT 30 C
(i) Benzene -« 1.345M
Sample Concn.
« / el y
Flow-time
secs. \el
Viscosity
number
CT-1 0 72.57 mm
©,8000 137.02 1.8881 1.1101
©*4000 101.28 1.3956 0,9890
©*2667 90;*87 1.2552 0.9456 slope=0.307
0*2000 86.01 1.1852 0.9260
0 . loOO 83.19 1.1463 0.9146 [t)>0,8650
CT-2 13 65.60 . . _
0*8000 191.89 2.9251 2.4064
O-AOOO 116.31 1.7730 1.9325
€*,2667 97.31 1.4834 1.8125 slope** 1.100
0*2000 88.44 1.3482 1.7408 -
0*1600 83.49 1.2727 1.7044 W=1.5174
CT-4 0 72.57 — _
0.8000 173.46 2.3902 1.7378
0*4000 114.68 1.5803 1.4507
0*2667 98.96 1.3636 1.3635 slope=0.688
0*2000 91.81 1.2651 1.3256 -
0 * 1600 87.65 1.2078 1.2987 [t)>1.1840
(ii) Benz<SllCi ** 2.69M
CT-1 © 77.40 - —
0,3000 143.70 1.8566 1.0707
0*4000 106.95 1.3818 0.9544
0*2667 96.14 1.2421 0.9078 slope=0.291
0,2000 91.32 1.1798 O .8992 -
0 »1600 88.36 1.1416 0.8850 [ii > 0.8369
CT-2 0 70.08 _
€08000 199.55 2.8475 2.3093
0,4000 122.28 1.7449 1.8621
0*2667 102.74 1.4660 1.7473 .. slope** 1.035
0,2000 93.73 1.3375 1.6874 -
0,1600 88.54 1.2634 1.6463 [t)>1.4722
CT-4 O 77.40 — _
€*8000 182.30 2.3553 1.6941
0,4000 121.54 1.5703 1.4257
0*2667 105.21 1.3593 1.3472 SlopeeO.643
0.2000 97.63 1.2613 1.3068 -
e si6oo 93.30 1.2054 1.2837 [>> 1.1766
TABLE 5.9
VISCOSITY-CQNCENTRATION BATA FOR SAMPLES OF CELLULOSE TRIACETATE IN
METHYLENE CHLORIDE-ACETIC ANHYDRIDE-BENZENE MIXTURES AT 50 C 
(iii) Benzene *= 4.04M
Sample Concn.
g./dl
Flow-time \el Viscosity number
CT-1 0 83.37
0.6400 137.54 1.6464 1.0100
0.3200 107.83 I.2934 0.9168
0.2133 99.13 1.1890 0.8862 slope=0.293
0.1600 94.96 1.1390 O .8689 -
0.1280 92.55 1.1101 0.8602 [t) >0.8229
CT-2 0 75,43 - "■ — —
0.6400 175.51 2.3268 2.0731
0.3200 117.72 1.5606 I.752O
0.2133 101.93 1.3513 1.6471 slope=0.988
0.1600 94.69 1.2553 1.5958 -
0.1280 90.60 1.2011 1.5712 [t)]=1.4391
CT-4 0 83.37 _ . .
0.6400 165.30 1.9827 1.5355
0.3200 119.09 1.4284 1.3389
0.2133 106.08 1.2724 1.2771 slope=0.592
0.1600 100.08 1.2004 1.2527 -
0.1280 96.53 1.1578 1.2332 [i]=i.1546
TABLE 5.10
MEAN-SQJHARE END-to-END DISTANCE FOR SAMPLES OF CTA IN METHYLENE 
CHLORIDE-ACETIC ANHYDRIDE-BENZENE MIXTURES AT 30° C
Molar concn. 
of benzene 
in the mixture CT-1
( r2 )3/2
CT-2
x 10^cm 
CT-4
1.345 1.602 5.260 3.064
2.690 1.550 5.104 3.045
4.04 1.524 4.989 2.988
DISCUSSION OF RESULTS
Figures 5*3-5*5 illustrate the effect of cellulose triacetate molecular 
weight (determined in chapter 6) and the temperature on the viscosity 
number versus concentration plots. The plots are linear over the 
concentration range studied.
It can he seen from Table 5*2 that the value of [tj] calculated 
'by Solomon-Gotesman equation are in very good agreement with the extra­
polated values of [rj].
Table 5*10 shows that as the ratio.of benzene to methylene chloride­
ace/ tic anhydride increases the corresponding mean-square end-to-end 
distance decreases. This indicates that the extended cellulose triacetate 
molecules in solution start curling up resulting^ lower viscosity of the 
solution.
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C H A P T E R  6
OSMOMETRIC MOLECULAR WEIGHT DETERMINATION AND EVALUATION OF K AND a 
VALUES IN ACETIC ANHYDRIDE— SOLVENT MIXTURES
INTRODUCTION
The measurement of the osmotic properties of solutions is of great
importance and value in numerous studies in pure and applied sciences. In
particular, osmometry is concerned with the characterization of polymers,
\
including proteins, cellulose derivatives and synthetic polymers. \
The measurement of osmotic pressure carried out on dilute solutions of
polymers can lead to the determination of number-average molecular weight and
information about polymer-solvent interaction. In studies of the build-up or
(1)the degradation of polymersv / it is important to be able to measure the 
number-average molecular weight in order to determine the number of bonds 
formed or broken under a given set of conditions. Information concerning the 
shape of the polymer m o l e c u l e s a n d  degree and nature of their branching^1 
can also be obtained from a knowledge of the interaction between polymer and 
solvent.
Osmotic pressure of dilute solutions of polymers are much easier to measure
than are elevations of the boiling point or depressions of the freezing point.
/+An osmotic pressure can also be measured with considerable accuracy (-0.01 cm. 
of liquid level) over a large range of molecular weights. For ar'1/fc solution 
of a polymer of molecular weight 500,000 the osmotic pressure is about 1cm. of
(rj\ 6
solvent^ . Polymers with molecular weights ranging from 20,000 to 10 are, 
therefore, capable of investigation in this way.
The advantages of the osmotic pressure method over those based on other 
colligative properties of polymer solutions have also been demonstrated by
(q\
FloryV ' who compared the calculated boiling-point elevation, freezing-point 
depression and osmotic pressure for benzene solutions of polymers having 
different molecular weights. The results indicated that a 0.001°C elevation 
in the boiling-point corresponds roughly to a 10cm. osmotic head. Furthermore, 
these are all easily affected by traces of low molecular weight impurities. In 
the osmotic pressure method this effect is generally absent because such
impurities are able to pass through the membrane and thus do not contribute to 
the equilibrium osmotic pressure. Therefore, it is often possible to carry out 
useful osmotic pressure measurements in cases where the amount of impurities 
is low (e.g 2% volume of alcohol in chloroform).
THEORY Y
HVhen a polymer is dissolved in a solvent, the chemical potential (free 
energy per mole) of the solvent is lowered. This lowering of the chemical 
potential results in the lowering of vapour pressure and freezing-point and a 
rise of boiling-point and a consequent reduction in the activity of the solvent. 
If this solution is separated from a reservoir of solvent by a membrane 
permeable to the solvent but not to the solute (semipermeable membrane) there 
will be a net flow of solvent through the membrane from the region of high 
chemical potential to the one of lower chemical potential, which is in the 
direction so as to dilute the solution. This flow of solvent will be opposed
I
if a pressure is applied on the solution side. The extent to which this 
pressure must be#increased on the solution side to reduce the net flow to zero 
is, by definition, the osmotic pressure of the solution, and this is denoted by 
the symbol IT.
FRINCin.ES o r OSMOTIC PRESSURE MEASUREMENT
The osmotic pressure of a solution may be defined as the differential 
pressure that must be applied to the solution separated from pure solvent by 
a semipermeable membrane, so that the rate of flow of solvent molecules through 
the membrane should be the same in both directions.
Thermodynamically, the osmotic pressure (TT) is due to the change in 
chemical potential (A A») of the solvent which can be expressed as follows:
= ( A P s o ln  “  lA P s o lv e n t  
-bflo = TTv0 = -E T ln a 1 (6 .2 )
where Vq is the partial molar volume of solvent, R the gas constant, T the
absolute temperature and a^  the activity of solvent in solution.
This important thermodynamic expression shows that under certain conditions 
the osmotic pressure becomes a function of the temperature and the molar
concentration of the solution, which is characteristic of a colligative
• \ 
property. For dilute solutions the partial molar volume of solvent in the \
solution will be essentially equal to the molar volume of the pure solvent.
Again for a sufficiently dilute solution, the activity of the solvent becomes
equal to its mole fraction N^, then , since - 1-N^  where Ng is the
mole fraction of solute, therefore, in dilute solutions
-lna^ = -lriN^  = -ln(l-N2) (6.3)
and -lnNr = N2
*
provided the value of Ng is much smaller than unity.
For a dilute solution the mole fraction of the solute can be calculated
from its weight concentration in a solvent having a molar volume V, by means
of
* 2 - - F  (6*5)n
where Mn is the number average molecular weight, and c is the concentration of
solute in g/cm^ of solution. Thus from equation (6.2)
TT=-fL ; (6.6)
n
which is van't Hoff's expression relating osmotic pressure to molecular weight.
The equation (6.6) is valid only for ideal solutions which are sufficiently 
dilute to preclude any interaction between the molecules. Real systems having 
finite concentration exhibit large deviations, although extrapolation to zero 
concentration of the experimentally measured osmotic heads is facilitated by 
the linear character of the dependence of (1^/c) on the concentration. Then 
in the limiting case equation (6.6) can be written as
M - U ,  = ' T 1 ' (6*7)
n
It is known that high-polymer solutions are not ideal, due to the interaction 
“between the polymer and solvent molecules, and the large difference in size 
between the solvent and solute molecules in solution. For this reason the 
van*t Hoff equation relating the reduced osmotic pressure tT/c and c is often 
expressed in the virial formj \
TT/c = ET(-i-+ A2c + A*c2 + ---- ) (6.8)
n
The coefficients in the expansion are called virial coefficients. “When TT/o 
is plotted against c, the slope of the curve at low concentration is determined 
by the second virial coefficient Ag* which in turn can provide information 
about the interaction between polymer and solvent molecules in solution.
PRACTICAL OSMOMETRY
The successful operation of any osmosis apparatus depends ultimately on 
the behaviour of the semipermeable membrane. The essential featurescof this 
system are shown schematically in Fig 6.1. The natural tendency for the pure 
solvent to pass through the membrane into the solution chamber is opposed by 
applying sufficient excess pressure to the solution chamber so as to establish 
equilibrium. This excess pressure (osmotic pressure) can be measured in a 
variety of osmometers. _
Fig 6.1 Schematic Representation of an Osmotic Pressure Apparatus
Applied Pressure
7f| Flow-indicator
Solution Solvent
Semipermeable
membrane
Osmometers are generally of two types. The first type may be characterized
♦ as "immersion" or"static" osmometers. The essential part of this type of
osmometer is a solution chamber that contains the membrane as a wall. This
chamber is placed in a vessel containing the pure solvent. The osmotic pressure
is determined from the height difference between the final liquid level attained^
in- a capillary connected to the solution chamber and that in a matching reference
capillary dipping into the pure solvent. Osmometers based on this static
(9)equilibrium procedure have been described by Fuoss and Meadw / , Zimm and 
Myerson^*^, Pinner and Stabin^^ and Meyerhoff^2 .^ The principal disadvantage 
of the static method is the length of time to reach equilibrium during which 
some diffusion of low melecular weight material through the membrane may occur.
The other type of osmometer consists of a counter-pressure device attached 
to the solution chamber which measures the magnitude of the external pressure 
applied to attain equilibrium (zero flow rate of solvent). These methods are
. . .    r
referred to as "dynamic equilibrium" techniques, and have the advantage of
quickness of measurement. Osmometers based on the dynamic method have been
reported by Masson and Melville^*^, Krigbaum and Flory^^ and Rowe^^.
Recently electronically controlled osmometers have come into use, and
(16) —several instruments of this kind have been described by Hansen' , Rowe and 
Abrams^*^, Rolfson and Coll^^ and Davies^^. In these osmometers the 
osmotic pressure Is balanced against an adjustable external pressure. Changes 
in the rate of solvent flow through the membrane are detected by following the 
movement of an air bubble in a capillary by optical means. The operation of 
these instruments can be automated by incorporating a servo-mechanism into the 
system, and instruments of this kind are now commercially available.
In the present study an automatic membrane osmometer was used with solutions 
of cellulose triacetate in various solvents. Final readings were read at 
equilibrium. This may differ from true equilibrium, since some diffusion has 
occurred during the short time equilibrium is being reached.
Measurements with polymers of low molecular weight, or those having a wide
molecular weight distribution, will result in some diffusion of small
permeable molecules through the membrane, giving rise to a concentration
difference in the osmometer. Because of this effect the measured osmotic pressi
will decrease with time until an equilibrium distribution of diffusible solute^
between both sides of the membrane is attained. Any molecular weight based on'
such measurements will not be the true average molecular weight of the original
polymer sample. This effect may be eliminated by extrapolating the measured
osmotic pressure back to zero time. But as the situation is not that of a true
equilibrium, the extrapolated value of the osmotic pressure is not neccessarily
equal to the equilibrium osmotic pressure. This was first pointed out by 
(20 21)Staverman' * 7 who on the bases of non equilibrium thermodynamics showed that
the extrapolated value of the osmotic pressure is lower than that of the true
(22)osmotic pressure when no diffusion had occurred. Allen and Place' 7 measured
the osmotic molecular weight of different polystyrene samples and showed that,
for polystyrene with a given distribution, the osmotic molecular weights
differed seriously from the true values. They agreed with the theoretical
(20 21)conclusions of Staverman' 9 7, that a solute molecule ;which is potentially
capable of diffusion through the membrane will not make its proper contribution
(23)
to the osmotic pressure even though it has not actually diffused. Elias' 7 
confirmed experimentally that the osmotic pressure using a permeable membrane 
should be lower than the thermodynamically calculated osmotic pressure even 
though no solute had permeated the membrane.
Further work on this problem by Staverman^2^, Tung^2^  and Bruss^2^  has 
lead to the conclusion that a measurement should be made as soon as possible 
after placing the solution in the osmometer. The method of extrapolation to 
zero-time pressure gives values reasonably close to the true osmotic pressure 
of the starting solution.
I 'j
One of the major advantages of an automatic membrane osmometer is that it 
permits the determination of the equilibrium osmotic pressure in a much shorter
time than had previously been possible. * It also gives better results for 
polymer samples of low molecular weight which can permeate through the membrane 
The fast behaviour of this osmometer is to be attributed to the optical system 
which detects any flow of solvent through the membrane. The pressure is 
automatically adjusted by a servo-system so as to prevent any net flow taking 
place. Since the establishment of osmotic pressure does not require the flow of 
solvent, the osmotic equilibrium is attained in a few minutes.
It is important to recognise that for a given polymer the osmotic pressure 
depends only on the concentration and temperature of the solution. In theory 
it is independent of the nature of the semipermeable membrane and the mechanism 
of solvent transport through the membrane.
EXPERIMENTAL
MECHROLAB MODEL 502. OPERATION AND BSE,
Preparing the instrument for operation involves three basic procedures 
as under: \
\
1; Introducing a bubble into the capillary for the optical system, 
of the osmometer,
2) Installing the membrane, and
3) Bringing the bubble into position for proper control.
All these procedures have been discussed in the manual provided with the 
instrument,
ESTABLISHING THE SOLVENT REFERENCE VALUE.
Mien the bubble reaches the control level and the servo-system starts 
operating, check the solvent level in the sample stack to be sure the bottom 
of the meniscus is at the escribe line on the glass. Then leave the 
instrument controlling until thermal equilibrium has been established, as 
indicated by a steady reading on the counter or recorder. A stable reading 
should be reached again in about 5 minutes.
Polymer solution samples were prepared by dissolving vacuum dried 
cellulose triacetate in chloroform at 25°C and aged for three days before use.
MEASURING THE OSMOTIC PRESSURE OP SOLUTIONS
This operation involves the following steps:
1) Having established the solvent level, replace the solvent with 
solution.
2) Draw the liquid level down to the top of the capillary and rinse 
down the sides of the sample stack with about 0.1ml of solution.
3) Repeat the rinse step.
4) Rut about 0.3ml of solution in the stack and draw the level down 
to the reference mark.
5) Since total volume of the grooves and stacks, up to the reference 
mark, is about 0.3ml, this procedure should provide adequate 
rinsing. Certain solutions may require further rinse steps.
6) All of the above procedures should be carried out with the servo 
system in operation, but with the Record switch in the*Off1 position.
Repeat the procedure of above section for other concentrations of the 
same polymer. Normally it is necessary to repeat the solvent reading only 
between each set of solutions. If any sample material is of low enough 
molecular weight to diffuse through the membrane, however, the solvent 
level must be re-established after each solution.
DETERMINING OSMOTIC PRESSURE
The osmotic ptessure for each solution, expressed in cm. of solvent 
is determined from the measurements as mentioned above. For each solution, 
it is the difference between the final counter reading and that found for 
the solvent. The value of osmotic pressure, is divided by the concentration 
expressed in grams/decilitre, and the resulting quotient plotted against the 
concentration. Figure 6.3 offers a.specific example obtained in chloroform. 
The extrapolated value at zero concentration is the one used for molecular 
weight calculations.
CALCULATING MOLECULAR WEIGHT
The basic equation for molecular weight calculation is:
7T ■ osmotic pressure 
c = concentration 
R = gas constant
T = absolute temperature
Mn =* number average molecular weight 
The value given to TT/o is that at c=0, Finding molecular weight is only a
matter of finding a value for RT in units to match the units of IT / c
This example uses data in chloroform* The temperature "TM is 25°C or
*  —1 —1 
298.2 K. The value of "R" in litre atmosphere degree*" mole” is 8.205 x
10 • This can he converted to pressure units of cm, of chloroform hy
multiplying hy cm, of chloroform per atmosphere. This factor will depend
upon the density of chloroform at the temperature of the solvent cup. For
most purposes, the density at 25°C can he used since density only varies Y/o
per 9°C, hut for the most careful work, the temperature must he measured
and the appropriate density value used. The value of R to he used then is:
RT - 1.707 x 10?
Once the factor RT has heen determined for a given set of conditions, the 
calculation is very straight forward as can he seen hy this example:
\  - ■’1W f  ■ 72,800
CORRECTION FOR THE OSMOTIC HEAR TO 25°C /
l:; If the measurements were made at temperatures other than 25°C, it 
becomes necessary to regularise the measurement to 25°C. This correction 
is based on the fact that density is proportional to the concentration of 
the solution and also to the osmotic head.
Weight of solution = Density x Volume
W *  D25o x V25o = Dt x VT (27)
»  w
Concentration at T C (C^) =
Wgm/100ml concentration = x 100
W g polymer in 100ml at 25°C
D?_o x I Op
Volume at T C (VT) ■= — ^-5— —
w W x x 100 C„.o x D„
Cm - X 100 =  £------  =  3L_
U D25° x 100 D25°
Now according to van't Hoff Law for the same polymer solution, the
hpR0
relationship tt~  * ~~n—  holds true# '
25 T .
So V  “ ^ XC25°
Osmotic head at 25°C was calculated from the observed osmotic head 
at that temperature as described above# Gh the present work all the 
measurements were made at 24»5°C, therefore no correction was felt 
necessary to apply. Also the reduced osmotic head was calculated using 
the density of chloroform at 25°C.
TABLE 6.1
OSMOTIC PRESSURE DATA FOR SAMPLES OP CELLULOSE
1 • TRIACETATE IN CHLOROFORM
Sample
Polymer 
Concn.(c)
g/ai 0
at 25 C
Data at observed
temperature 
sample Osmotic 
pressure head 
head(P) (h) cms. 
cms.
Reduced 
Osmotic 
head h/c 
at 25°C
CT-1 0 16.57 _ —
(24.5°C) 0.1400 17.23 0.66 4.7143
0.2084 17.59 1.02 4.8944
0.4600 19.11 2.54 5.5217
0.5763 19.91 3.34 5.7956
0.9384 22.85 6.30 6.6896
CT-2 0 16.92 — _
(24-5°c) 0.1416 17.30 0.38 2.6836
0.2814 17.77 0.85 3.0206 7
0.5000 18.73 1.81 3.6200
0.6887 19.70 2.78 4.0366
- 0.8869 20.92 4.00 4.5101
CT-4 0 16.50 —
(24.4°C) 0.1568 17.05 0.55 3.5076
0.3194 17.53 1.25 3.9229
0.5329 18.87 2.37 4.4474
0.7579 20.29 3.79 4.9967
0.9155 21.43 4.93 5.3850
MOLECULAR WEIGHT CALCULATIONS
-2Rg^o = 8.205 x 10 litre atmosphere per degree per qiole
= 8.205 x 10~2x 1035.2552 = 572.4 
1.48102
RT^o = 572.4 x 298.2 = 170689.68
= 1.707 x 105
Sample CT-1 * 38,900 «. 38,900
Sample CT-2 = 72,805 » 72,800
Sample CT-4 * 54,378 = . 54,350
Results shown in the Table 6.1 are plotted in Figure 6.3 for h/c 
for the three samples.
versus
RELATIONSHIP BETWEEN REDUCED OSMOTIC HEAD (h/o) AND CONCENTRATION (c) 
FOR DIFFERENT CELLULOSE TRIACETATE SAMPLES IN CHLOROFORM ..AT 25°C
8.0
6.0
4.0
2.0
0.6 0.80.4
CONCENTRATION g/dl.
Fig 6.3
TABLE 6.2
SUMMARY OP VISCOSITY VALUES IN MIXED SOLVENTS
(i) Chloroform-Acetic anhydride(2.1l6M)
Temperature
°C
L. V. N.
CT-1
of CTA samples 
CT-2 CT-4
Kx105 a
20 0.8593 1.5276 1.1882 5.190 O.92O
25 0.7911 1.3658 1.0685 4.988 0.915
30 0.7730 1.3413 1.0444 4.912. 0.915
40 0.7527 1.2968 1.0182 4.918 0.912
(ii) Methylene chi or i de-Ace tic anhydride(2. 116m )
15 O .9267 1.6577 1.3303 4.962 0.932
20 0.9236 1.6347 1.3695 5.836 0.917
25 1 0.8420 1.6030 1.2795 1.563 1.033
30 O .7909 1.4705 1.1794 2.196 0.995
(iii) Tetrachloroethane-Acetic anhydride(2.11 6m ) /
20 0.8762 1.4099 1.2228 27.76 0.765
30 0.8501 1.3831 1.1235 22.89 0.778
40 0.8122 1.3118 1.0420 25.05 0.765
50 O.76O8 1.2441 0.9797 18.90 0.785
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DEGRADATION STUDIES IN SOLVENT-ACETIC ANHYDRIDE-CATALYST MIXTURES
In the preparation of cellulose triacetate it is customary to use a 
catalyst, which not only brings about the acetylation but also gives 
rise to simultaneous degradation. The extent of both acetylation and 
degradation depends on the nature of the catalyst, catalyst concentration, 
composition of the reaction mixture and temperature.
In the present work the degradative efficiency of a group of metal 
halide catalysts (see Chapter 3) of the Lewis acid type was compared.
An attempt was also made to compare theBe catalysts with sulphuric and 
perchloric acid, which have already been studied.
The effects of different solvents on rate of degradation of cellulose 
triacetate at various temperatures and for different catalyst concentrations 
were studied. The effects of mixture composition and nonsolvent content 
on degradation were also investigated. In this chapter degradation
data are recorded in terms of change of solution viscosity and molecular ,
f
weight with time. Rate constants and activation energies are evaluated 
in Chapter 8. .
EXPERIMENTAL
All the solvents and metal halide catalysts were previously purified 
as described in Chapter 4* The sulphuric acid and perchloric acid were 
AnalaR quality. Perchloric acid was analysed (acid-base titration) and 
the percentage purity was accurately calculated.
A weighed amount of vacuum dried cellulose triacetate was dissolved 
in 250ml of the solvent (Grade A flask) to give a stock solution, and 
kept at the working temperature for at least three days before use.
A known amount of the catalyst was '.Weighed accurately into a 25ml 
flask (Grade A) contained in a dry-box and then dissolved in a weighed 
amount of acetic anhydride. Some solvent was added and the flask was 
immediately placed in the thermostat. A known amount of thermostatted
cellulose triacetate solution was then transferred to this flask and the 
volume of the flask was made up to the mark as quickly as possible. After 
shaking the flask, about 10ml was filtered into the viscometer (see Pig.5•2).
The zero time for the commencement of degradation was taken as the time 
of addition of CTA solution to the catalyst solution in the 25ml flask, 
and flow-times were measured at regular intervals of fifteen minutes over • 
a period of three to four hours.
Solvent flow-times were measured for each degradation medium, by making 
up an identical solution without any CTA and catalyst.
RESULTS
In all the studies with metal halides and acid catalysts the degradation 
was carried out using a CTA concentration of 0.800g/dl and an acetic 
anhydride concentration of 2.116M.
Limiting viscosity numbers, [t)]> were calculated from relative viscosities 
and viscosity numbers (at various reaction times) by means of a single­
point method (Equation 5*5 page 54)* Molecular weight values were evaluated
using the Mark-Houwink relationship, (Chapter 5) for the respective
solvent mixtures. The corresponding values of K and a are given in Table 6.2.
Degradation results at various concentrations and temperatures for the
metal halide catalysts, ferric chloride, antimony pentachloride and stannic 
chloride in chloroform are shown in Tables 7*1 - 7*12. The separate effect 
of metal halide catalyst concentration at each of the temperatures,20°,
25°, 50° and 40°C are shown in Tables 7.1 to.7.3,^7*4 to 7.6, 7*7 to 7*9 
and 7*10 to 7*12 respectively. Each group of tables shows the catalysts 
in the order ferric chloride, antimony pentachloride and stannic chloride.
Corresponding data in methylene chloride at temperatures 15°* 20°, 25° 
and 30°C for the metal halide catalysts are shown in Tables 7-13 - J.15»
7.16 - 7.18, 7.19 - 7*22 and 7*23 - 7*25 respectively. Similarly metal 
halide^resuits in tetrachloroethane at 20°, 30°, 40° and 50° C are shown in
Tables 7.26 - 7.29, 7.30 - 7-33, 7*34 - 7*37 and 7*38 - 7*41 respectively.
Degradation results at various concentrations and temperatures for 
the catalysts perchloric acid and sulphuric acid are shown in Tables 7*42 
to 7*57. The separate effect of acid catalyst concentration in methylene 
chloride at each.of the temperature 15°, 20°, 25°, and 30°C is shown \ 
in Tables 7.42-7.43, 7.44-7.45,7*46-47 and 7.48-7.49 respectively. Each 
group of tables shows the catalysts in the order perchloric acid and 
sulphuric acid. Corresponding data in tetrachloroethane at temperatures 
20°, 30°, 40° and 50°C are shown in Tables 7*50-7.51, 7.52-7*53, 7*54-7.55 
and 7.58-7.57 respectively.
A typical set of curves showing the separate effects of catalyst 
concentration for antimony pentachloride in chloroform, of temperature for 
ferric chloride in methylene chloride, and of nature of catalyst in 
tetrachloroethane on degradation is shown in Figures 7*1, 7*2 and 7*3 
respectively. <
Table 7*58 shows the effect of increasing acetic anhydride concentration 
on the extent of degradation of CTA in methylene chloride at 30°C, in the 
presenece of antimony pentachloride catalyst. The effects of benzene and 
carbon tetrachloride concentration on degradation of CTA in methylene 
chloride at 30°C keeping the acetic anhydride concentration constant, 
are shown in Tables 7*59 and 7*80 respectively.
Degradation results for various concentrations of cellulose triacetate 
in methylene chloride at 25°C and in the presence of antimony pentachloride 
are shown in Table 7*81.
TABLE 7.1
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8 g/dl)
IN CHLOROFORM CONTAINING 2.116 M ACETIC ANHYDRIDE AT 20°C
(i) Ferric chloride « 2.0 x 10“2 M Solvent flow-time *= 42.68 secs.
Time
(minutes)
Flow-time
(secs) \el V° 01
Mn 1/M x 105
\
0 166.10 3.8918 3.6148 1.8406 88,622 1.1284
15 161.90 3.7933 3.4916 1.8081 86,922 1.1505
30 160.10 3.7511 3.4389 1.7939 86,179 1.1604
45 158.82 3.7212 3.4015 1.7836 85,642 1.1677
60 157.56 3.6916 3.3645 1.7734 85,109 1.1750
75 156.36 3.6635 3.3294 1.7636 84,598 1.1821
90 155.21 3.6366 3.2958 1.7541 84,102 1.1890
105 154.10 3.6106 3.2633 1.7449 83,623 1.1958
120 152.99 3.5846 3.2308 1.7356 83,138 1.2028
135 151.92 3.5595 3.1994 1.7265 82,664 1.2097
150 150.92 3.5361 3.1701 1.7179 82,217 1.2163
165 149.77 3.5091 3.1364 1.7079 81,696 1.2241
180 148.63 3.4824 3.1030 1.6980 81,182 1.2318
(ii) Ferric chloride = 3.0 x 10“2 M Solvent flow-time * 42.68 secs.
0 166.10 3.8918 3.6148 1.8406 88,622 1.1284
15 153.32 3.5923 3.2404 1.7383 83,279 1.2008
30 151.04 3.5389 3.1736 1.7189 82,269 1.2155
45 148.96 3.4902 3.1128 1.7009 81,332 1.2295
60 147.00 3.4442 3.0552 1.6836 80,433 1.2433
75 145.17 3.4014 3.0017 1.6672 79,582 1.2566
90 143.40 3.3599 2.9499 1.6511 78,746 1.2699
105 141.70 3.3200 2.9000 1.6353 77,927 1.2833
120 139.78 3.2751 2.8439 1.6173 76,995 1.2988
135 138.20 3.2381 2.7976 1.6023 76,219 1.3120
150 136.69 3.2027 2.7534 1.5877 75,464 1.3251
165 135.24 3.1687 2.7109 1.5734 74,725 1.3382
180 133.74 3.1336 2.6670 1.5586 73,961 1.3521
(iii) Ferric chloride == 4.0 x 10~2! M Solvent flow-time = 42.68 secs.
0 166.10 3.8918 3.6148 1.8406 88,622 1.1284
15 147.94 3.4663 3.0829 1.6919 80,864 1.2366
30 144.47 3.3850 2.9813 1.6609 79,255 1.2622
45 141.60 3.3177 2.8971 1.6344 77,880 1.2840
60 138.80 3.2521 2.8151 1.6080 76,513 1.3070
75: 136.25 3.1924 2.7405 1.5834 75,241 1.3291
90 133.99 3.1394 2.6742 1.5610 74,085 1.3498 .
105 132.00 3.0928 2.6160 1.5410 73,053 1.3689
120 129.84 3.0422 2.5527 1.5188 71,909 1.3906
135 127.67 2.9918 2.4898 1.4963 70,752 1.4134
150 126.05 2.9534 2.4417 1.4788 69,852 1.4316
165 123.80 2.9007 2.3759 1.4544 68,600 1.4577
180 122.04 2.8594 2.3242 1.4349 67,600 1.4793
TABLE 7*1 continued
—2
(iv) Ferric chloride = 5 * 0 x 1 0  M Solvent flow-time = 49*52 secs.
Time
(minutes)
Flow-time 
(secs) V i V°
Mn 1/M x ' n
0 192.75 3.8920 3.6150 1.8406 88,622 1.1284
15 163*58 5.2995 2.8741 1.6271 77,502 1.2903
50 158.27 3.1961 2.7451 1.5849 75,519 1.5277
45 155*67 3.1032 2.6290 1.5455 75,285 1.5645
60 149*61 3.0212 2.5265 1.5095 71,451 1.4000
75 146.00 2.9483 2.4554 1.4765 69,754 1.4540
90 145*08 2.8893 2.3616 1.4490 68,323 1.4656
105 159*92 2.8255 2.2819 1.4186 66,766 1.4978
120 156*55 2.7571 2.1964 1.3851 65,055 1.5572
155 154*56 2.7132 2.1415 1.3631 65,950 1.5642
150 151.75 2.6601 2.0751 1.5559 62,544 1.5989
165 128.98 2.6046 2.0057 1.3068 61,064 1.6376
180 127.12
%
2.5670 1.9587 1.2866 60,038 1.6656
TABLE 7.2
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
(0.8 g/dl) IN CHLOROFORM CONTAINING 2.116 M ACETIC ANHYDRIDE AT 20° C
(i) Antimony pentachloride = 2.0 x 10~2 M Solvent flow-time = 41.75 i
Time
(minutes)
Flow-time 
(secs) ^rel
.=> to 0 [u] Mn 1/M x ‘ n
0 162.41 3.8900 3.6125 1.8400 88,590 1.1288
15 - 156.02 5.7570 3.4212 1.7890 85,924 1.1638
50 155.22 5.7178 5.5972 1.7824 85,579 1.1685
45 154.10 3.6910 3.5638 1.7752 85,099 1.1751
60 155.02 3.6651 5.5514 1.7641 84,624 1.1817
75 152.24 3.6465 3.5081 1.7576 84,285 1.1865
90 151.58 5.6259 3.2824 1.7505 83,904 1.1918
105 150.55 3.6060 5.2575 1.7452 83,554 1.1971
120 149.80 3.5880 5.2350 1.7567 83,196 1.2020
155 149.05 5.5701 3.2126 1.7503 82,962 1.2068
150 148.21 5.5499 5.1874 1.7229 82,477 1.2125
165 147.69 5.5575 5.1719 1.7184 82,242 1.2159
180 146.03 5.4977 3.1221 1.7037 81,478 1.2273
TABLE 7*2 continued
_2
(ii) Antimony pentachloride * 3*0 x 10 M Solvent flow-time ® 42,68 secs.
Time
(minutes)
Flow-time 
(secs) ^rel v °
[u] Mn 1/M ±10? ' n
0 166.10 3.8917 3.6146 1.8405 88,617 1.1285
15 155.12 3.6344 3.2930 1.7533 84,061 1.1896
30 151.98 3.5609 3.2011 1.7269 82,685 1.2094
45 149.48 3.5013 3.1279 1.7054 81,566 1.2260
60 146.92 3.4423 3.0529 1.6829 80,397 1.2438
75 144.60 3.3880 2.9850 1.6620 79,312 1.2608
90 142.41 3.3367 2.9209 1.6420 78,274 1.2776
105 140.35 3.2884 2.8605 1.6227 77,274 1.2941
120- 138.41 3.2430 2.8037 1.6042 76,317 1.3103
135 136.62 3.2010 2.7512 1.5869 75,422 1.3259
150 134.70 3.1560 2.6950 1.5681 74,451 1.3432
165 132.89 3.1136 2.6420 1.5499 73,512 1.3603
180 131.08 3.0712 2.5890 1.5316 72,569 1.3780
—2(iii) Antimony pentachloride = 4*0 x 10’ M Solvent flow-time = 49.52 secs,
0 192.73 3.8919 3.6149 1.8406 88,622 1.1284
15 174.59 3.5256 3.1570 1.7140 82,014 1.2193
30 168.99 3.4125 3.0156 1.6715 79,805 1.2531
45 164.10 3.3138 2.8922 1.6328 77,798 1.2854
60 159.45 3.2199 2.7749 1.5948 75,831 1.3187
75 155.00 3.1300 2.6625 1.5570 73,878 1.3536,
90 151.00 3.0492 2.5615 1.5219 72,069 1.3876/
105 147.41 2.9768 2.4710 1.4895 70,402 1.4204
120 143.76 2.9031 2.3789 1.4555 68,656 1.4565
135 140.86 2.8445 2.3056 1.4278 67,237 1.4873
150 137.59 2.7785 2.2231 1.3957 65,594 1.5245
165 135.01 2.7264 2.1580 1.3697 64,267 1.5560
180 133,17 2.6892 2.1115 1.3509 63,308 1.5796
(iv) Antimony pentachloride *=6,0 x 10“2 M Solvent flow-time = 49.52 secs.
0 192.73 3.8919 3.6149 1.8406 88,622 1.1284
15 160.23 3.2357 2.7946 1.6013 76,167 1.3129
30 148.13 2.9913 2.4891 1.4961 70,741 1.4136
45 138.35 2.7938 2.2422 1.4032 65,978 1.5157
60 130.53 2.6359 2.0449 1.3233 61,903 1.6154
75 124.01 2.5042 1.8802 1.2523 58,300 1.7153
90 118.00 2.3829 1.7286 1.1832 54,810 1.8245
105 114.00 2.3021 1.6276 1.1350 52,387 1.9089
120 109.32 2.2076 1.5095 1.0763 49,447 2.0224
135 105.67 2.1339 1.4174 1.0286 47,069 2.1245
150 102.69 2.0737 1.3421 O .9884 45,072 2.2187
165 99.630 2.0119 1.2649 0.9458 42,964 2.3275
180 97.00 1.9588 1.1988 0.9082 41,109 2.4278
TABLE 7 .3
EFFECT OF STANNIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8 g/dl)
IN CHLOROFORM CONTAINING 2.116m  ACETIC ANHYDRIDE AT 20c’ G
(i) Stannic chloride * 6.0 x 10 2 Solvent flow-time * 41.75 secs.
Time
(minutes)
Flow-time
(secs) \el %j/C
w Mn 1/M x 10? ' n
0 162.41 3.8900 3.6125 1.8400 88,590 1.1288
15 154.91 3.7104 3.3880 1.7799 85,448 1.1703
. 30 153.83 3.6845 3.3556 1.7709 84,979 1.1768
45 152.75 3.6587 3.3234 1.7619 84,509 1.1833
60 151.69 3.6333 3.2916 1.7529 84,040 1.1999
75 150.66 3.6086 3.2607 1.7441 83,581 1.1964
90 149.71 3.5859 3.2324 1.7360 83,159 1.2025
105 148.83 3.5648 3.2060 1.7283 82,758 1.2083
120 147.99 3.5447 3.1809 1.7210 82,378 1.2139
135 147.12 3.5238 3.1547 1.7133 81,977 1.2199
150 146.37 3.5059 3.1324 1.7067 81,634 1.2250
165 145.63 3.4881 3.1101 1.7001 81,291 1.2301
180 144.97 3.4723 3.0904 1.6942 80,984 1.2348
(ii) Stannic chloride * 8.0 x 10"2 M Solvent flow-time = 41*75 secs.
0 162.41 3.8900 3.6125 1.8400 88,590 1.1288
15 150.92 3.6148 3.2635 1.7464 83,701 1.1947
30 149.92 3.5909 3.2386 1.7378 83,253 - 1.2012 -
45 148.95 3.5677 3.2096 1.7294 82,815 1.2075 .
60 148.00 3.5449 3.1811 1.7211 82,383 1.2138
75 147.25 3.5269 3.1586 1.7145 82,040 1.2189
90 146.45 3.5078 3.1347 1.7074 81,670 1.2244
105 145.71 3.4900 3.1125 1.7001 81,291 1.2301
120 145.18 3.4773 3.0967 1.6961 81,083 1.2333
135 144.63 3.4642 3.0802 1.6911 80,823 1.2373
150 143.98 3.4486 3.0608 1.6853 80,521 1.2419
165 143.42 3.4352 3.0440 1.6801 80,251 1.2460
180 143.01 3M254 3.0317 1 • 67 64 80,059 1.2491
(iii) Stannic chloride == 10.0 x 10*“2 M Solvent flow-time <= 42,68 secs.
0 166.10 3.8917 3.6146 1.8405 88,617 1.1285
15 146.14 3.4241 3.0301 1.6759 80,033 1.2495
30 144.65 3.3892 2.9865 1.6625 79,338 1.2604
45 143.20 3.3552 2.9440 1.6492 78,648 1.2715
60 141.68 3.3196 2.8995 1.6352 77,922 1.2833
75 140.66 3.2957 2.8696 1.6256 77,425 1.2916
90 139.38 3.2657 2.8321 1.6135 76,798 1.3021
105 138.32 3.2409 2.8011 1.6034 76,275 1.3110
120 137.51 3.2219 2.7774 1.5956 75,872 1.3180
135 136.39 3.1956 2.7445 1.5847 75,309 1.3279
150 135.00 3.1631 2.7039 1.5711 74,606 1.3404
165 133.88 3.1368 2.6710 1.5599 74,028 1.3508
180 133.11 3.1188 2.6485 1.5522 73,631 1.3581
TABLE 7*3
(iv) Stannic chloride «= 12.0 x 10"2 M Solvent flow-time * 49*52 secs.
Time
(minutes)
Flow-time 
(secs) \el V ° M Mn 1/M x 105 ' n
0 192.73 3.8919 3.6149 1.8406 88,622 1.1284
15 166.20 3.3562 2.9452 1•6496 78,668 1.2712
30 164.15 3.3148 2.8935 1.6333 77,823 1.2850
45 162.04 3.2722 2.8402 1.6161 76,933 1.2998
60 160.17 3.2344 2.7930 1.6007 76,136 1.3134
75' 158.25 3.1957 2.7446 1.5847 74,309 1.3279
90 156.30 3.1563 2.6954 1.5682 74,456 1.3431
105 154.56 3.1212 2.6515 1.5532 73,682 1.3572
120 153.04 3.0905 2.6131 1.5400 73,001 1.3698
135 151.43 3.0579 2.5724 1.5258 72,270 1.3837
150 149.96 3.0283 2.5354 1.5127 71,595 1.3967
165 148.57 3.0002 2.5002 1.5000 70,942 1.4096
180 147.31 2.9748 2.4685 1.4886 70,356 1.4213
TABLE 7.4
EFFECT OF FERRIC CHLORIDE OB DEGRADATION OF CELLULOSE TRIACETATE (0.8 g/dl)
IN CHLOROFORM CONTAINING 2.116 M ACETIC ANHYDRIDE AT 25° C
(i) Ferric chloride = 2.0 x 10“2 M Solvent flow-time = 40.55 i
Time
(minutes)
Flow-time r) , 
(secs) rel V c
■ C l ] Mn 1/M x ' n
0 156.73 3.8651 3.5813 1.8318 96,900 1.0040
15 149.15 3.6782 3.3477 1.7687 93,259 1.0723
30 147.09 3.6274 3.2842 1.7508 92,229 1.0843
45 145.12 3.5788 3.2235 1.7334 91,228 1.0963
60 143.61 3.5416 . 3.1770 1.7199 90,452 1.1056
75 142.18 3.5063 3.1329 1.7069 89,706 1.1148
90. 140.72 3.4703 3.0879 1.6934 88,931 1.1245
105 139.28 3.4348 3.0435 1.6800 88,163 1.1347
120 137.84 3.3993 2.9991 1.6664 87,384 1.1444
135 136.66 3.3702 2.9627 1.6551 86,737 1.1529
150 135.31 3.3369 2.9211 1.6420 85,987 1.1630
165 133.83 3.3004 2.8755 1.6275 85,158 1.1743
180 132.57 3.2693 2.8366 1.6150 84,444 1.1842
TABLE 7*4 continued
(ii) Ferric chloride *= 5.0 x 10“2 M Solvent flow-time *= 46.99 secs.
Time
(minutes)
Flow-time r) , 
/ *el (secs) V c [l] Mn 1/M x io5
0 181.62 5.8651 3.5814 ■1.8518 96,900 1.0519
15 164.11 3.4924 3.1155 1.7017 89,407 1.1185
30 160.59 3.4132 3.0165 1.6717 87,687 1.1404
45 156.76 5.3360 2.9200 1.6417 85,970 1.1652
60 154.09 3.2792 2.8490 1.6190 84,672 1.1810
75 150.80 5.2092 2.7615 1.5904 85,040 1.2042
90 147.86 5.1466 2.6852 1.5641 81,541 1.2264
105 145.35 3.0932 2.6165 1.5412 80,258 1.2465
120 143.05 3.0443 2.5545 1.5198 79,022 1.2655
135 140.51 2.9902 2.4877 1.4955 77,642 1.2880
150 158.22 2.9415 2.4269 1.4734 76,590 1.5091
165 156.04 2.8951 2.5689 1.4518 75,168 1.3304
180 154.00 2.8517 2.5146 1.4312 74,005 1.3513
(iii) Ferric5 chloride == 4.0 x 10~2 M Solvent flow-time « 40.55 secs.
0 156.73 * 5.8651 3.5815 1.8518 96,900 1.0549
15 135.33 3.3374 2.9217 1.6422 85,810 1.1654
30 150.05 5.2072 2.7590 1.5895 82,807 1.2076
45 126.00 3.1073 2.6541 1.5472 80,405 1.2437
60 122.43 5.0192 2.5240 1.5086 78,214 1.2785
75 118,85 2.9309 2.4135 1.4684 75,941 1.5168
1.352590 115.80 2.8557 2.5196 1.4331 73,949
105 112.91 2.7845 2.2506 1.5986 72,006 1.5888
120 110.21 2.7.179 2.1474 1.3655 70,147 1.4256
135 107.85 2.6592 2.0740 1.3354 68,460 1.4620
150 105.54 2.6027 2.0054 1.5058 66,804 1.4969
165 105.50 2.5524 1.9405 1.2788 65,297 1.5315
180 101.51 2.4984 1.8750 1.2491 63,642 1.5713
(iv) Ferric chloride = 6.0 x 10~2 M Solvent flow-time = 46.99 secs.
0 181.62 5.8651 3.5814 1.8518 96,900 1.0519
15 137.47 2.9255 2.4069 1.4660 75,971 1.5165
30 129.58 2.7576 2.1970 1.3854 71,421 1.4001
45 122.94 2.6165 2.0204 1.5130 67,354 1.4847
60 118.04 2.5120 1.8900 1.2566 64,200 1.5576
75 113.67 2.4194 1.7742 1.2044 61,292 1.6515
90 110.00 2.5409 1.6762 1.1584 58,740 1.7024
105 107.14 2.2801 1.6001 1.1215 56,699 1.7657
120 104.82 2.2507 1.5384 1.0909 55,011 1.8178
135 102.77 2.1871 1.4859 1.0652 53,487 1.8696
150 100.95 2.1485 1.4354 1.0581 52,110 1.9190
165 99.65 2.1207 1.4009 1.0199 51,113 1.9564
180 97.80 2.0815 1.5516 0.9935 49,669 2.0155
\
TABLE 7*5
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
(0.8 g/dl) IN CHLOROFORM CONTAINING 2.116 M ACETIC ANHYDRIDE AT 25° C
—2(i) Antimony pentachloride = 2.0 x 10 M Solvent flow-time * 40.55 secs.
Time Flow-time rj , V-jv [*)] M 1/M x  10^
(minutes) (secs) rel n n
0 156.73 3.8651 3.5814 1.8319 96,905 1.0319
15 153.00 3.7731 3.4664 1.8013 95,139 1.0511
30 150.84 3.7198 3.3998 1.7831 94,089 1.0628
45 149-57 3.6885 3.3606 1.7723 93,467 1.0699
60 148.41 3.6599 3.3249 1.7623 92,891 1.0765
75 147.31 3.6328 3.2910 1.7528 92,344 1.0829
90 146.12 3.6034 3.2542 1.7423 91,740 1.0900
105 144.92 3.5738 3.2172 1.7316 91,125 1.0974
120 143.90 3.5487 3.1859 1.7225 90,602 1.1037
135 142.90 3.5240 3.1550 1.7134 90,079 1.1101
150 141.89 3.4991 3.1239 1.7042 89,551 1.1167
165 140.77 3.4715 3.O894 1.6939 88,960 1.1241
180 139.66 3.4441 3.0551 1.6835 88,363 1.1317
—2(ii) Antimony pentachloride = 3*0 x 10 M Solvent flow-time ■= 46.99 secs.
0 181.62 3.8651 3-5814 1.8319 96,905 1.0319
15 173.75 3-6975 3.3719 1.7755 93,651 1.0678
30 170.11 3.6201 3.2751 1.7482 92,079 1.0860
45 166.75 3.5486 3.1857 1.7224 90,596 1.1038
60 163.32 3.4756 3.0945 1.6954 89,046 1.1230
75 160.32 3.4118 3.0147 1.6712 87,659 1.1408
90 157.41 3.3499 2.9374 1.6472 86,284 1.1590
105 154.66 3.2913 2.8641 1.6238 84,946 1.1772
120 152.07 3.2362 2.7952 1.6015 83,673 3.1951
135 149.57 3.1830 2.7289 1.5795 82,418 1.2133
150 147.21 3.1328 2.6660 1.5582 81,205 1.2315
165 144.92 3*0841 2.6051 1.5372 80,010 1.2498...
180 142.61 3.0349 2.5436 1.5156 78,783 1.2693
—2(iii) Antimony pentachloride = 4.0 x 10 M Solvent flow-time = 40.55 secs.
0 156.73 3.8651 3.5814 1.8319 96,904 1.0319
15 140.30 3.4599 3.0749 1.6895 88,708 1.1273
30 133.76 3.2986 2.8732 1.6268 85,118 1.1748
45 129.11 3.1839 2.7299 1.5798 82,435 1.2131
60 ' ' ■ 124.59 3.0725 2.5906 1.5321 79,720 1.2544
75 120.26 2.9657 2.4571 1.4844 77,013 1.2985
90 116.64 2.8764 2.3455 1.4430 74,670 1.3392
105 113.16 2.7906 2.1382 1.4016 72,333 1.3825
120 110.02 2.7132 2.1415 1.3631 70,166 1.4242
135 107.27 2.6454 2.0567 1.3282 68,206 1.4661
150 104.66 2.5810 1.9762 1.2942 66,301 1.5083
165 102.12 2.5184 1.8980 1.2602 64,423 1.5522
180 99.79 2.4609 1.8261 1.2281 62,611 1.5972
TABLE 7*5 continued
—2(iv) Antimony pentachloride « 6.0 x 10~ M Solvent flow-time * 46.998ecs.
Time
(minutes)
Flow-time
(secs) w V °
[n] Mn 1/M x io5
0 181.62 3.8651 3-5814 1.8319 96,905 1.0319
15 148.74 3.1653 2.7066 1.5720 81,991 1.2196
30 133.17 2.8340 2.2925 1.4227 73,523 1.3601
45 125.30 2•6665 2.0831 1.3392 68,823 1.4530
60 117.54 2.5014 1.8768 1.2508. 63,876 1.5655
75 111.13 2.3650 1.7062 1.1726 59527 '1.6799
90 105.23 2.2394 1.5492 1.0963 55,309 1.8080
105 100.87 2.1466 1.4332 1.0369 52,044 1.9215
120 97.14 2.0672 1.3340 0.9840 49,151 2.0345
135 93.90 1.9983 1.2479 0.9363 46,554 2.1480
150 91.04 1.9374 1.1717 0.8927 44,191 2.2629
165 88.10 1.8749 1.0936 0.8467 41,710 2.3975
180 86.15 1.8334 1.0417 0.8152 40,018 2.4989
TABLE 7.6
EFFECT OF STANNIC CHLQRIBE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8 g/dl)
IN CHLOROFORM CONTAINING 2.116M ACETIC ANHYDRIDE AT 25° C
(i) Stannic chloride ** 6.0 x 10”2M , Solvent flow-time *= 40.55 secs.
Time Flow-time 
(minutes) (secs) ^rel V [»] Mn 1/M x 105 • ' n
0 156.73 3.8651 3.5814 1.8319 96,905 1.0319
15 142.61 3.5169 3.1461 1.7108 89,930 1.1120
30 141.32 3.4851 3.1064 1.6990 89,253 1.1204
45 140.96 3.4762 3.0952 1.6956 89,057 1.1229
60 140.16 3.4565 3.0706 1.6882 88,633 1.1283
75 139.39 3.4375 3.0469 1.6810 88,220 1.1335 -.
90 138.91 3.4256 3.0320 1.6765 87,962 1.1369
105 138.35 3.4118 3.1047 1.6712 87,959 1.1408
120 137.87 3.4000 3.0000 1.6667 87,410 1.1442
135 137.13 3,3818 2.9772 1.6596 86,994 1.1495
150 136.59 3.3684 2.9605 1.6544 86,696 1.1535
165 136.02 3.3544 2.9430 1.6489 86,382 1.1576
180 135.50 3.3416 2.9270 1.6439 86,096 1.1615
(ii) Stannic chloride * 8.0 x 10~2M Solvent flow-time - 46.99 secs.
0 181.62 3.8651 3.5814 1.8319 96,905 1.0319
15 160.00 3.4050 3.-0062 1.6686 87,510 1.1427
30 158.75 3.3784 2.9730 1.6583 86,920 1.1505
45 157.55 3.3528 2.9410 1.6483 86,347 1.1581
60 156.43 3.3290 2.9112 1.6389 85,810 1.1654
75 155.40 3.3071 2.8839 1.6302 85,312 1.1722
90 154.13 3.2801 2.8501 1.6193 84,689 1.1808
105 153.07 3.2575 2.8219 1.6102 84,170 1.1881
120 152.01 3.2349 2.7936 1.6009 83,639 1.1956
135 151.21 3.2179 2.7724 1.5939 83,239 1.2014
150 150.15 3.1954 2.7442 1.5846 82,709 1.2091
165 149.20 3.1751 2.7289 1.5761 82,224 1.2162
180 148.27 3.1553 2.6941 1.5678 81,752 1.2232
TABLE 7*6 continued
' o
(ill) Stannic chloride * 10.0 x 10 M Solvent flow-time » 40*55 secs.
Time
(minutes)
How-time 
(secs) ^rel v °
W Mn 1/M x 105
0 . 156.73 3.8651 3.5814 1.8319 96,905 1.0319
15 132.69 3.2722 2.8402 1.6161 84,507 1.1833
30 130.54 3.2192 2.7740 1.5945 83,274 1.2009
45 128.59 3.1711 2.7139 1.5745 82,133 1.2175
60 127.00 3.1319 2.6649 1.5578 81,182 1.2318
75 125.05 3.O838 2.6047 1.5370 79,999 1.2500 '
90 123.56 3.0471 2.5589 1.5210 79,090 1.2664
105 122.00 3.0086 2.5107 1.5038 78,113 1.2802
120 120.50 2.9716 2.4645 1.4871 77,166 1.2959
135 119.07 2.9364 2.4205 1.4710 76,254 1.3114
150 117.75 2.9038 2.3798 1.4559 75,400 1.3263
165 116.64 2.8764 2,3455 1.4430 74,670 1.3392
180 115.49 2.8481 2.3101 1.4295 ' 73,907 1.3531
(iv) Stannic chloride * 12.0 x 10“2M Solvent flow-time * 46.99 secs.
0 181.62 3.8651 3.5814 1.8319 96,905 1.0319
15 149.08 ,3.1727 2.7157 1.5750 82,162 1.2171
30 146.11 3.1094 2.6368 1.5482 80,636 1.2401
45 143.50 3.0538 2.5672 1.5239 79,254 1.2618
60 141.18 3.0045 2.5056 1.5020 78,011 1.2819
75 138.80 2.9538 2.4422 1.4790 76,707 1.3037
90 137.00 2.9155 2.3944 1.4613 75,705 1.3209
105 135.47 2.8829 2.3536 1.4460 74,840 1.3362 /
120 133.00 2.8304 2.2880 1.4210 73,428 1.3619
135 131.52 2.7990 2.2489 1.4058 72,570 1.3780
150 130.01 2.7667 2.2084 1.3899 71,674 1.3952
165 127.56 2.7146 2.1432 1.3638 70,205 1.4244
180 126.11 2.6838 2.1047 1.3482 69,323 1.4425
TABLE 7*7
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8 ff/dl)
IN CHLOROFORM CONTAINING 2.116 M ACETIC ANHYDRIDE AT 30° C
(i) Ferric chloride = 2.0 x 10”2 M Solvent flow-time = 44.81 secs.
Time
(minutes)
Flow-time 
(secs) \el V c Mn 1/M x 10?■ A .
0 169.00 3.7715 3.4644 1.8008 97,677 1.0238
15 156.49 3.4923 3.1154 1.7017 91,186 1.0891
30 152.42 3.4015 3.0019 1.6672 89,783 1.1138
45 148.61 3.3164 2.8955 1.6339 87,824 1.1386
60 145.13 3.2388 2.7985 1.6026 85,986 1.1630
75 141.95 3.1678 2.7097 1.5730 84,252 1.1869
90 139.01 3.1022 2.6277 1.5450 82,613 1.2105
105 136.16 3.0386 2.5482 1.5172 80,990 1.2347
120 133.51 2.9795 2.4744 1.4907 79,444 1.2587
135 130.96 2.9226 2.4032 1.4646 77,925 1.2833
150 128.72 2.8726 2.3407 1.4411 76,559 1.3061
165 . 126.63 2.8259 2.2824 1.4188 75,265 1.3286
180 124.31 2.7741 2.2176 1.3935 73,799 1.3550
TAHLHi' y .y  conxmuea.
(ii) Ferric chloride *3.0 x 10 M Solvent flow-time * 38*78 secs.
Time
(minutes)
Flow-time
(secs) ^rel W c
b ] Mn 1/M x  105 n
0 146.27 3.7718 3.4647 1.8008 97,677 1.0238
15 131*66 3.3950, 2.9937 1.6647 89,635 1.1156
30 126.23 3.2550 2.8187 1.6091 86,368 1.1578
45 121.38 3.1299 2.6624 1.5570 03,315 - 1.2003
60 116.76 3.0108 2.5135 1.5048 80,266 1.2459
75 112.88 2.9108 2.3885 1.4591 77,605 1.2886
90 109.56 2.8252 2.2815 1.4185 75,247 1.3290
105 106.40 2.7437 2.1796 1.3784 72,925 1.3713 •
120 103*57 2.6707 2.0884 1.3414 70,788 1.4127
135 100.72 2.5973 1.9965 1.3029 68,569 1.4584
150 98.41 2.5376 1.9220 1.2707 66,719 1.4988
165 96.02 2.4760 1.8450 1.2366 64,764 1.5446
180 93.99 2.4237 1.7796 1.2069 63,065 1.5857
(iii) Ferric chloride * 4*0 X 10~2 M Solvent flow-time « 82.86 secs.
0 312.55 3.7718 3.4647 1.8008 97,677 1.0238
15 270.57 3.2654 2.8317 1.6134 86,620 1.1545
30 256.26 3.0927 2.6159 1.5410 82,380 1.2139
45 243.70 2.9411 2.4264 1.4732 78,425 1.2751
60 233.31 2.8157 2.2696 1.4139 74,981 1.3337
75 223.95 2.7027 2.1284 1.3578 71,734 1.3940
90 214.54 2.5892 1.9865 1.2986 68,322 1.4637
105 207.12 2.4996 1.8745 1.2498 65,520 1.5263
120 202.15 2.4396 1.7995 12160 63,585 1.5727
135 197.04 2.3780 1.7225 1.1803 61,547 1.6248
150 192.89 2.3279 1.6599 1.1506 59,856 1.6707
165 187.54 2.2633 1.5791 1.1112 57,619 1.7355
180 182,43 2.2017 1.5021 1.0725 55,429 1.8041
(iv) Ferric chloride *= 6.0 x  10~2 M Solvent flow-time = 38.78 secs.
0 146.27 3.7718 3.4647 1.8008 97,677 1.0238
15 111.87 2.8847 2.3559 1.4469 76,896 1.3005 ‘
30 102.47 2.6423 2.0529 1.3267 69,940 1.4298
45 95. 00 2.4497 1.8121 1.2217 63,911 1.5647
60 89.27 2.3020 1.6275 1.1349 58,964 1.6960
75 84.25 2.1725 1.4656 1.0537 54,367 1.8394
90 80.74 2.0820 1.3525 0.9940 51,009 1.9604
105 77.51 1.9987 1.2484 0.9366 47,797 2.0922
120 74.75 1.9275 1.1594 0.8856 44,959 2.2242
135 72.48 1.8690 1.0862 0.8422 42,556 2.3498
150 70.49 1.8177- 1.0221 0.8032 40,407 2.4748
165 68.70 1.7715 0.9644 0.7671 38,425 2.6024
180 67.19 1.7326 0.9157 0.7360 36,725 2.7229
TABLE 7.8
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
(0.8 g/dl) IN CHLOROFORM CONTAINING- 2.116 M ACETIC ANHYDRIDE AT 50° C
—2(i) Antimony pentachloride = 2.0 x 10” M Solvent flow-time « 38.78 secs.
Time
(minutes)
Flow-time
(secs) \el v° M Mn 1/M x ' n
0 146.27 3.7718 3.4647 1.8008 97,677 1.0238
15 141.61 3.6516 3.3145 1.7594 95,225 1.0501
30 139.21 3.5897 3.2371 1.7373 93,918 1.0648
45 137.26 3.5394 3.1742 1.7191 92,843 1.0771
60 135.56 3.4956 3.1195 1.7029 91,887 1.0883
75 133.50 3.4425 3.0531 1.6829 90,707 1.1025
90 131.69 3.3958 2.9948 1.6651 89,659 1.1153
105 129.93 3.3504 2.9380 1.6473 88,612 1.1285
120 128.51 3.3138 2.8922 1.6328 87,759 1.1395
135 126.69 3.2669 2.8336 1.6140 86,655 1.1540
150 125.25 3.2297 2.7871 1.5988 85,763 1.1660
165 123.76 3.1912 2.7391 1.5829 84,832 1.1788
180 122.11 3.1488 2.6860 1.5591 83,438 1.1986
(ii) Antimony pentachloride = 3.0 x 10“
2
M Solvent flow-time - 44.81
0 169.00 3.7715 3.4644 1.8008 97,677 1.0238
15 159.61 3.5619 3.2024 I.7273 93,327 1.0715
30 153.51 3.4258 3.0322 1.6765 90,330 1.1071
45 148.04 3.3037 2.8796 1.6288 87,524 1.1425
60 143.20 3.1957 2.7446 1.5847 84,937 1.1773
75 139.57 3.1147 2.6434 1.5505 82,933 1.2058
90 135.05 3.0138 2.5172 1.5062 80,348 1.2446
105 131.46 2.9337 2.4171 1.4697 78,222 1.2784
120 127.92 2.8547 2.3183 1.4326 76,065 1.3147
135 124.45 2.7773 2.2216 1.3951 73,891 1.3532
150 121.35 2.7081 2.1351 1.3605 71,890 1.3910
165 118.27 2.6394 2.0492 1.3251 69,848 1.4317
180 116.19 2.5929 1.9911 1.3005 68,431 1.4613
(iii) Antimony pentachloride «= 4 .0 x 10-2M Solvent flow-time * 38.78
0 146.27 3.7715 3.4644 1.8008 97,677 1.0238
15 133.62 3.4456 3.0570 1.6841 90,77.8 1.1016
30 125.05 3.2246 2.78O7 1.5967 85,640 1.1677
45 118.34 3.0516 2.5654 1.5230 81,328 1.2296
60 113.02 2.9143 2.3929 1.4608 77,704 1.2869
75 107.58 2.7741 2.2176 1.3935 73,799 1.3550
90 103.08 2.6581 2.0726 1.3348 70,407 1.4209
105 99.90 2.5761 1.9701 1.2916 67,920 1.4723
120 95.88 2.4724 1.8405 1.2346 64,469 1.5468
135 92.71 2.3907 1.7384 1.1878 61,975 1.6136
150 89.96 2.3197 1.6496 1.1456 59,572 1.6786
165 87.70 2.2615 1.5769 1.1101 57,557 1.7374
180 85.43 2.2029 1.5036 1.0732 55,468 1.8028
TABLE y.tf continued
-2 .(iv) Antimony pentachloride ■ 6.0 x 10 M Solvent flow-time *= 44*81 secs.
Time
(minutes)
Flow-time 
(secs) ^rel V °
Mn 1/M x 105
0 169.00 3.7715 3.4644 1.8008 97,677 1.0238
15 137*03 3.0580 2.5725 1.5258 81,492 1.2271
30 121.95 2.7215 2.1519 1.3673 72,283 1.3835
45 111.00 2.4771 1.8464 1.2372 64,798 1.5433
60 102.77 2.2935 1.6169 1.1298 58,674 1.7043
75 96 .44 2.1522 1.4402 1.0406 53,623 1.8649
90 91*25 2.0364 1.2955 0.9629 49,267 2.0298
105 87.43 1.9511 1.1889 O.9027 45,909 2.1782
120 83.84 1.8710 1.0887 0.8437 42,639 2.3453
135 81.09 1.8096 1.0120 0.7969 40,060 2.4963
150 78.48 1.7514 0.9392 0.7511 37,550 2.6631
165 76.35 1.7039 0.8799 0.7127 35,456 2.8204
180 74.44 1.6612 0.8265 0.6772 33,530 2.9824 .
(v) Antimony pentachloride * 8.0 x 10“2M Solvent flow-time = 38.78 secs.
0 146.27 3.7715 3.4644 1.8008 97,677 1.0238
15 100.00 2.5786 1.9732 1.2929 67,994 1.4707
30 83.35 2.1493 1.4366 1.0387 53,522 1.8684
45 74.24 1.9143 1.1429 0.8759 44,421 2.2512
60 67.93 1.7517 0.9396 0.7513 37,561 2.6623
75 63.93 1•6496 0.8120 0.6675 33,005 3.0298
90 6O.69 1.5650 0.7062 0.5943 29,069 3.4401
105 58.30 1.5033 0.6291 0.5387 26,109 3.8301
120 56.24 1.4502 0.5627 0.4893 23,503 4.2548
135 54.71 1.4108 0.5135 0.4516 21,531 4.6445
150 53.38 1.3765 0.4706 0.4181 19,791 5.0528
165 52.28 1.3481 0.4351 0.3899 18,536 5.4538
180 51.37 1.3247 0.0459 0.3662 17,121 5.8408
(vi) Antimony pentachloride = 12.0 x 10“2M Solvent flow-time = 44*81 secs.
0 169.00 3.7715 3.4644 1.8008 97,677 1.0238
15 87.50 1.9527 1.1909 0.9039 45,976 2.1750
30 72.00 1.6068 0.7585 0.6309 31,032 3.2225
45 64.87 1.4477 0.5596 0.4869 23,377 4.2777
60 61.45 1.3713 0.4641 0.4130 19,527 5.1211
75 58.62 1.3082 0.3852 0.3493 162,59 6.1504
90 56.91 1.2700 0.3375 0.3096 14,250 7.0175
105 55.05 1.2285 0.2856 0.2654 12,041 8.3050
120 54.46 1.2154 0.2692 0.2512 11,339 8.8191
135 53.28 1.1890 0.2362 0.2222 9916 10.0847
150 52.80 1.1783 0.2229 0.2104 9,342 10.7043
165 52.26 1.1662 0.2077 0.1968 8,683 11.5168
180 51.62 1.1520 0.1900 0.1808 7,915 12.6342
TABLE 7.9
EFFECT OF STANNIC CHLORIDE ON'DEGRADATION OF CELLULOSE TRIACETATE (0.8 g/dl)
IN CHLOROFORM CONTAINING 2.116 M ACETIC ANHYDRIDE AT 30° C
(i) Stannic chloride « 6.0 x 10~2M Solvent flow-time *« 38*78 secs.
Time Flow-time t) -  tj Vc 
(minutes) (secs) re
1_
__
1
B
8
'
1/M x 105 
n
0 146.27 3.7718 3.4647 1.8008 97,677 1.0238
15 139.55 3.5985 3.2481 1.7405 94,107 1.0626
30 137.63 3.5490 3.1862 1.7226 93,049 1.0747
‘45 136.36 3.5162 3.1452 1.1705 92,335 1.0830
60 134.90 3.4786 3.0982 1.6965 91,509 1.0928
75 133.68 3.4471 3.0199 1.6847 90,813 1.1012
90 132.47 3.4159 3.0199 1.6728 90,112 1.1097
105 131.32 3.3863 2.9829 1.6614 89,441 1.1181
120 130.15 3.3561 2.9451 1.6496 88,747 1.1268
135 129.05 3.3277 2.9096 1.6384 88,088 1.1352
150 128.19 3.3056 2.8820 1.6296 87,571 1.1419
165 126.96 3.2738 2.8422 1.6168 86,820 1.1518
180 125.86 3.2455 2.8O69 1.6053 86,145 1.1608
(ii) Stannic chloride = 8.0 X 10"2M Solvent flow-time = 44*81 secs
0 169.00 3.7715 3.4644 1.8008 97,677 1.0238
15 155.33 3.4664 3.0830 1.6920 91,244 1.0960
30 152.71 3.4079 3.0099 1.6697 89,930 1.1120
45 150.41 3.3566 2.9457 1.6497 88,753 1.1267
60 148.20 3.3073 2.8841 1.6303 87,612 1.1414
75 146.19 3.2624 2.8280 1.6122 86,550 1.1554
90 144.24 3.2189 2.7736 1.5943 85,500 1.1696
105 142.29 3.1754 2.7192 1.5762 84,439 1.1843
120 140.59 3.1375 2.6719 1.5602 83,502 1.1976
135 138.70 3.0953 2.6191 1.5421 82,444 1.2129
130 136.95 3.0562 . 2.5702 1.5250 81,445 1.2278
165 135.33 3.0201 2.5251 1.5090 80,511 1.2421
180 133.56 2.9806 2.4757 1.4912 79,473 1.2583 *"
(iii) Stannic chloride « 10.0 x 10“2M Solvent flow-time *= 38*78 secs.
0 146.27 3.7715 3.4647 1.8008 97,677 1.0238
15 130.90 3.3757 2.9696 1.6572 89,194 1.1212
30 126.97 3.2741 2.8426 1.6169 86,825 1.1517
45 124.19 3.2024 2.7530 1.5875 85,101 1.1751
60 120.70 3.1124 2.6405 1.5495 82,876 1.2066
75 117.98 3.0423 2.5529 1.5189 81,089 1.2332
90 115.53 2.9791 2.4739 1.4906 79,439 1.2588
105 113.07 2.9157 2.3946 1.4614 77,739 1.2864
120 110.90 2.8597 2.3246 1.4350 76,205 1.3122
135 108.95 2.8094 2.2617 1.4108 74,801 1.3569
150 106.81 2.7542 2.1927 1.3836 73,226 1.3656
165 105.04 2.7086 2.1357 1.3607 71,902 1.3908
180 103.21 2.6614 2.0767 1.3365 70,505 1.4183
TABLE 7*9 continued
—2(iv) Stannic chloride ® 12.0 x 10 M Solvent flow-time « 44*81 secs*
Time
(minutes)
Plow-time 
(secs) \el v° > ] . M n 1/M x 105
0 169.00 3.7715 3.4644 1.8008 97,677 1.0238
15 146.23 3.2633 ' 2.8291 1.6125 86,567 1.1552
30 141*10 3.1488 2.6860 1.5650 83,783 1.1936
45 136.92 3.0556 2.5695 1.5247 81,427 1.2281
60 132.95 2.9670 2.4587 1.4850 79,112 1.2640
75 129.20 2.8834 2.3542 1.4462 76,855 I.3OI2
90 126.02 2.8123 2.2654 1.4122 74,882 1.3354
105 123.11 2.7474 2.1842 1.3802 73,029 1.3693
120 120.28 2.6842 2.1052 1.3483 71,186 1.4048
135 117.66 2.6258 2.0322 1.3179 69,433 1.4402
150 115.36 2.5744 1.9680 1.2907 67,868 1.4734
165 113.28 2.5280 1.9100 1.2654 66,415 1.5057
180 111.17 2.4809 1.8511 1.2393 64,919 1.5404
TABLE 7.10
EFFECT OP FERRIC CHLORIDE ON DEGRADATION OP CELLULOSE TRIACETATE (0.8 p/dl)
IN CHLOROFORM CONTAINING 2.116 M ACETIC ANHYDRIDE AT 40° C
(i) Ferric chloride * 2.0 x 10“2M Solvent flow-time =* 67*74 secs.
Time Plow-time 
(minutes) (secs) ^rel V c [n] Mn 1/M x /o5 / ■ n
0 250.11 3.6922 3.3652 1.7736 99,008 1.0100
15 205.18 3.0289 2.5361 1.5129 83,172 1.2023
30 195.88 2.8916 2.3645 1.4501 79,395 1.2595
45 188.59 2.7840 2.2300 1.3984 76,297 1.3106
60 181.63 2.6813 2.1016 1.3468 73,217 1.3658
75 176.05 2.5989 1.9986 1.3037 70,652 1.4153 -
90 170.89 2.5227 1.9034 1.2625 68,208 1.4661
105 166.90 2.4638 1.8297 1.2297 66,268 1.5090
120 163.27 2.4102 1.7627 1.1991 64,462 1.5513
135 160.25 2.3657 1.7071 1.1731 62,932 1.5890
150 157.47 2.3246 1.6567 1.1486 61,492 1.6262
165 154.77 2.2848 1.6060 1.1244 60,074 1•6646
180 152.26 2.2477 1.5596 1.1015 58,734 1.7025
(ii) Ferric chloride * 3*0 X 10”2M Solvent flow-time = 75.05 secs.
0 277.10 3.6922 3.3652 1.7736 99,008 1.0100
15 210.74 2.8080 2.2600 1.4101 76,997 1.2987
30 195.72 2.6079 2.0099 1.3086 70,943 1.4095
45 183.07 2.4393 1.7991 1.2158 65,447 1.5279
60 173.55 2.3124 1.6405 1.1412 61,058 1.6377
75 165.36 2.2033 1.5041 1.0735 57,099 1.7513
90 158.57 2.1128 1.3910 1.0146 53,674 1.8630
105 152.45 2.0313 1.2891 0.9593 50,475 1.9811
120 147.69 1.9679 1.2099 0.9148 47,914 2.0870
135 143.32 1.9097 1.1371 0.8725 45,491 2.1982
150 139.39 1.8573 1.0716 0.8334 43,261 2.3115
165 135.90 1.8108 1.0135 0.7979 41,245 2.4245
180 132.83 1.7699 0.9624 0.7658 39,430 2.5361
(iii) Ferric chloride = 4*0 x 10~^ M Solvent flow-time ** 67*74 secs
Time
(minutes)
Flow-time
(secs) "rel V 0
[n] Mn 1/M x 10?
0 250.11 3.6922 3.3652 1.7736 99,008 1.1000
15 179*19 2.6453 2.0566 1.3282 72,109 1.3867
30 160.82 2.3741 1.7176 1.1780 63,220 1.5817
45 147.08 2.1712 1.4640 1.0529 55,899 1.7889
60 137.27 2.0264 1.2830 0.9559 50,279 1.9889
75 129.81 1.9163 1.1454 0.8774 45,771 2.1847
90 123.59 1.8245 1.0306 O.8O84 41,840 2.3900
105 118.86 1.7546 .9432 0.7536 38,742 2.5811
120 114.76 1.6941 0.8676 0.7046 35,989 2.7786
135 111.27 1.6426 0.8032 0.6615 33,583 2.9776
150 108.26 1.5982 0.7477 0.6234 31,468 3.1778
165 105.79 1.5617 0.7021 1.5914 29,702 3^3667
180 103.38 1.5261 0.6576 0.5595 27,950 3.5778
(iv) Ferric chloride «= 6,0 x 10~2M Solvent flow-time = 75*05 secs.
0 277.10 3.6922 3.3652 1.7736 99,008 1.0100
15 176.82 2.3560 1.6950 1.1673 62,591 1.5976
30 152.94 2.0378 1.2972 0.9638 50,735 1.9710
45 137.99 1.8386 1.0482 0.8192 42,454 2.3554
60 128.15 1.7075 0.8844 0.7156 36,605 2.7318
75 120.93 1.6113 0.7641 0.6347 32,094 3.1158
- 90 115.46 1.5384 0.6730 0.5706 28,559 3.5015
105 111.37 1.4839 0.6049 0.5209 25,844 3.8693
120 108.07 1.4400 0.5500 0.4796 23,606 4.2362
135 105.14 1.4009 0.5011 0.4420 21,585 4.6328
150 102.63 1.3675 - 0.4594 0.4093 19,841 5.0400
165 100.91 1.3446 0.4307 0.3863 18,622 5.3699
180 99.49 1.3256 O .4070 0.3671 17,610 5.6785
-•
TABLE 7*11•
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
(0,8 g/dl) IN CHLOROFORM CONTAINING 2.116 M ACETIC ANHYDRIDE AT 40° C
(i) Antimony pentachloride = J1.0 x 10“2M Solvent flow-timei *= 67.74 secs.
Time
(minutes)
Flow-time 
(secs) "re! \ t/ c
h] Mn 1/M x 10?
0 250.11 3.6922 3.3652 1.7736 99,008 1.0100
15 207.87 3.0686 2.5857 1.5304 84,227 1.1872
30 203.00 2.9967 2.4959 1.4985 82,305 1.2149
45 199.38 2.9433 2.4291 1.4742 80,843 1.2369
60 196.39 2.8992 2.3740 1.4537 79,611 1.2561
75 193.70 2.8595 2.3244 1.4350 78,489 1.2740
90 191.04 2.8202 2.2752 1.4160 77,351 1.2928
105 188.64 2.7848 2.2310 1.3988 76,321 1.3102
120 186.22 2.7490 2.1862 1.3810 75,257 1.3287
135 183.78 2.7130 2.1412 1.3629 74,177 1.3481
150 181.75 2.6830 2.1037 1.3477 73,270 1.3648
165 179.50 2.6498 2.0622 1.3305 72,246 1.3841
180 177.63 2.6222 2.0277 1.3161 71,389 1.4007
TABLE 7.11 continued
—2(ii) Antimony pentachloride « 3*0 x 10 M Solvent flow-time « 67*74 secs*
Time
(minutes)
Flow-time 
(secs) \el V °
[»] Mn 1/M x 10?
0 250.11 3.6922 5.5652 1.7756 99,008 1.0100
15 198.81 2.9550 2.4187 1.4705 80,608 I.2405
50 191*62 2.8288 2.2860 1.4202 77,602 1.2886
45 186.02 2.7461 2.1826 1.5796 75,174 1.3302
60 180.68 2.6672 2.0840 1.5596 72,788 1.5758
75 176.07 2.5994 1.9992 1.3040 70,670 1.4150
90 171.50 2.5517 1.9146 1.2675 68,504 1.4597
. 105 167*72 2.4759 1.8449 1.2365 66,670 1.4999
120 164.05 2.4218 1.7772 1.2057 64,851 1.5419
155 160.70 2.5725 1.7154 1.1770 63,161 1.5832
150 157*46 2.3245 1.6556 1.1485 61,486 1.6263
165 154.63 2.2827 1.6034 1.1232 60,003 1.6666
180 151.95 2.2428 1.5555 1.0984 58,552 1.7078
(iii) Antimony pentachloride « 4.0 x 10"
.2
M Solvent flow-time « 75*05 sec
0 277.10 3.6922 5.5652 1.7756 99,008 1.0100
15 209.74 2.7947 2.2454 1.4056 76,608 1.5055
50 196.62 2.6198 2.0247 1.3148 71,512 1.4023
45 186.02 2.4786 1.8482 1.2380 66,758 1.4979
60 176.94 2.3576 1.6970 1.1683 62,649 1.5962
75 169.79 2.2623 1.5779 1.1106 59,266 1.6873
90 163.29 2.1757 1.4696 1.0558 56,068 1.7835
105 158.26 2.1087 1.5859 1.0119 55,517 1.8686
120 155.11 2.0401 1.3001 0.9653 50,821 1.9677
155 149.04 1.9859 1.2324 0.9276 48,650 2.0555
150 145.21 1.9548 1.1685 O .8909 46,544 2.1485
165 141.68 1.8878 1.1097 0.8563 44,566 2,2439
180 138.66 1.8476 1.0595 0.8261 42,846 2.3559
(iv) Antimony pentachloride = 6.0 x 10~2M Solvent flow-time « 75.05 secs
0 277.10 3.6922 5.5651 1.7756 99,008 1.0100
15 180.10 2.4090 1.7612 1.1985 64,415 1.5524 -
50 160.35 2.1449 1.4511 1.0358 54,904 1.8214
45 146.19 1.9554 1.1942 0.9057 47,592 2.1101
60 136.18 1.8216 1.0270 0.8062 41,716 2.5972
75 128.41 1.7176 0.8970 0.7238 57,065 2.6655
90 122.69 1.6411 0.8014 0.6603 55,516 2.9836
105 118.13 1.5801 0.7251 0.6076 50,595 3.2685
120 114.16 1.5270 0.6587 0.5603 27,994 5.5722
155 111.06 1.4856 0.6070 0.5224 25,925 5.8575
150 108.28 1.4484 O.5605 0.4876 24,038 4.1601
165 106.11 I.4195 O .5241 0.4598 22,540 4.4566
180 104.00 1.3911 0.4889 0.4525 21,077 4.7445
TABLE 7.12
EFFECT OF STANNIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE''(0.8 g/dl)
IN CHLOROFORM CONTAINING 2.116 M ACETIC ANHYDRIDE AT 40° C
(i) > Stannic chloride *= 6.0 x O
1 ro Solvent flow-time * 75.05 secs
Time
(minutes)
Flow-time
(secs) \el V c
0 ] 1/}^ x 105
0 277.10 3.6922 3.3652 1.7736 99,008 1.0100
15 195.23 2.6OI3 2.0016 1.3050 70,729 1.4138
30 189.72 2.5279 1.9099 1.2654 68,380 1.4624
45 186.59 2.4862 1.8577 1.2423 67,013 1.4922
60 183.25 2.4417 1.8021 1.2172 65,530 1.5260
75 179.57 2.3926 1.7407 1.1888 63,856 1.5660
90 176.86 2.3566 1.6957 1.1677 62,614 1.5971
105 173.96 2.3179 1.6474 1.1446 61,258 1.6324
120 171.35 2.2831 1.6039 1.1234 60,015 1.6663
135 169.08 2.2529 1.5661 1.1047 58,921 1.6972
150 165.27 2.2021 1.5026 1.0727 57,052 1.7528
165 163.01 2.1720 1.4650 1.0534 55,928 1.7880
180 161.39 2.1504 1.4380 1.0394 55,114 1.8144
(ii) Stannic chloride = 8.0 x 10~2M Solvent flow-time = ,67.74 secs,
0 250.11 3.6922 3.3652 1.7736 99,008 1.0100
15 173.40 2.5597 1.9496 1.2827 69,405 1.4408
30 167.55 2.4734 1.8417 1.2351 66,587 1.5018
45 162.09 2.3928 1.7410 1.1890 63,867 1.5658
60 157.66 2.3274 1.6592 1.1502 61,586 1.6237
75 153.78 2.2701 1.5876 1.1154 59,547 1.6793
90 150.22 2.2176 1.5220 1.0826 57,630 1.7352
105 147.09 2.1714 1.4642 1.0530 55,905 1.7887
120 144.35 2.1309 1.4136 1.0266 54,370 1.8392
135 141.97 2.0958 1.3697 1.0032 53,013 1.8863
150 139.56 2.0602 1.3252 0.9792 51,624 1.9371
165 137.52 2.0307 1.2884 O .9589 50,452 1.9821
180 135.71 2.0034 1.2542 0.9398 49,352 2.0263
(iii) Stannic chloride = 10.0 x 10 2M Solvent flow-time e 75.O5 secs.
0 277.10 3.6922 3.3652 1.7736 99,008 1.0100
15 187.93 2.5040 1.8800 1.2522 67,598 1.4793
30 179.79 2.3956 1.7445 1.1906 63,962 1.5634
45 172.52 2.2987 1.6234 1.1329 60,572 1.6509
60 166.63 2.2202 1.5252 1.0842 57,723 1.7324
75 161.38 2.1503 1.4379 1.0394 55,114 1.8144
90 156.88 2.0903 1.3629 0.9996 52,804 1.8938
105 153.02 2.0389 1.2986 0.9646 50,781 1.9692
120 149.61 1.9935 1.2419 O.9329 48,955 2.0427
135 146.44 1.9512 1.1890 0.9028 47,226 2.1175
150 143.65 1.9141 1.1426 0.8758 45,680 2.1891
165 141.09 1.8799 1.0998 0.8504 44,229 2.2610
180 138.73 1.8485 1.0606 0.8268 42,886 2.3318
TAELE 7*12 continued
—2(iv) Stannic chloride - 12*0 x 10 Solvent flow-time * 74*76 secs.
Time Plow-time 
(minutes) (secs) \el V c Mn 1/M x 105
0 276.10 3.6922 3.3652 1.7736 99,008 1.0100
15 183.00 2.4478 1.8098 1.2207 65,736 1.5212
50: 171*43 2.2931 1.6164 1.1295 60,372 1.6564
45 163*02 2.1806 1.4757 1.0590 56,254 1.7777
60 156.65 2.0954 1.3692 1.0030 53,000 1.8868
75 150.90 2.0185 1.2731 0.9504 49,962 2.0015
90 146.23 1.9560 1.1950 O .9062 47,421 2.1088
105 142.25 1.9027 1.1284 0.8674 45,200 2.2124
120 138.67 1.8549 1.0686 0.8316 43,159 2.3170
135 135.50 1.8125 1.0156 0.7992 41,319 2.4202
150 132.66 1.7745 0.9681 0.7694 39,633 2.5231
165 130.41 1.7443 0.9304 0.7454 38,280 2.6123
180 128.37 1.7171 O .8964 0.7235 37,048 2.6992
/
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TABLE 7.13
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8 g/dl) 
IN METHYLENE CHLORIDE CONTAINING 2.116M ACETIC ANHYDRIDE AT 13° C
—2(i) Ferric chloride = 2.0 x 10 M Solvent flow-time = 33*96 secs.
Time
minutes)
Flow-time
(secs) \el V °
b ] Mn 1/M x 105 n
0 175.54 4.8815 4.8519 2.1152 92,776 1.0779
15 162.40 4.5161 4.3952 2.0235 88,468 1.1303
30 161.01 4.4775 4.3468 2.0132 87,984 1.1366
45 159.76 4.4424 4.3034 2.0038 87,544 1.1423
60 158.32 4.4027 4.2533 1.9929 87,033 1.1490
75 157.21 4.3718 4.2147 1.9844 86,635 1.1543
90 156.09 4.3406 4.1758 1.9757 86,227 1.1597
105 155.03 4.3112 4.1389 1.9674 85,839 1.1650
120 153.81 4.2772 4.0965 1.9578 85,389 1.1711
135 152.99 4.2544 4.0681 1.9513 85,085 1.1753
150 151.47 4.2122 4.0152 1.9390 84,510 1.1833
165 150.41 4.1827 3.9784 1.9304 84,108 1.1889
180 149.51 4.1577 3.9471 1.9230 83762 1.1939
’ii) Ferric chloride *= 3*0 X 10~2m Solvent flow-time *= 42.65 secs.
0 208.23 4.8823 4.8529 2.1152 92,776 1.0779
15 189.88 4.4520 4.3150 2.0063 87,661 1.1408
30 187.53 4.3970 4.2462 1.9914 86,963 1.1499
45 185.19 4.3421 4.1776 1.9761 86,246 1.1595
60 183.01 4.2910 4.1137 1.9617 85,572 1.1686
75 180.86 4.2406 4.0507 1.9473 84,898 1.1779
90 178.66 4.1890 3.9862 1.9322 84,192 1.1878
105 176.55 4.1395 3.9244 1.9176 83,509 1.1975
120 ^ 174.70 4.0961 3.8701 1.9045 82,897 1.2063
135 172.33 4*0406 3.8007 1.8876 82,108 1.2179
150 170.46 3.9967 3.7459 1.8740 81,474 1.2274
165 168.56 3.9522 3.6902 1.8599 80,816 1.2374
180 166.84 3.9118 3.6397 1.8470 80,215 1.2466
iii) Ferric chloride *= 4*0 x io “2m Solvent flow-time = 35.96 secs.
0 175.54 4.8815 4.8519 2.1152 92,776 1.0779
15 157.82 4.3888 4.2360 1.9891 86,855 1.1513
30 154.66 4.3009 4.1262 1.9645 85,703 1.1668
45 151.82 4.2219 4.0274 1.9419 84,645 1.1814
60 149.25 4.1504 3.9381 I .9209 83,664 1.1952
75 147.22 4.0940 3.8675 1.9039 82,869 1.2067
90 144.68 4.0234 3.7792 1.8822 81,856 1.2216
105 142.30 3.9572 3.6965 1.8615 80.891 1.2362
120 139*88 3.8899 3.6123 1.8399 79,884 1.2518
135 137.91 3.8351 3.5439 1.8220 79,051 1.2650
150 135.75 3.7750 3.4688 1.8020 78,120 1.2801
165 133.94 3.7247 3.4059 1.7848 77,320 1.2933
180 132.28 3.6785 3.3482 1.7689 76,581 1.3058
TABLE 7* 13 continued
—2(iv) Ferric chloride ® 6.0 x 10 Solvent flow-time « 42.65 secs.
Time
(minutes)
Flow-time
(secs) ^rel m
0 M Mn 1/M x 105n
0 208.23 4.8823 4.8529 2.1152 92,776 1.0779
15 174.60 4.0938 3.8672 1.9039 82,869 1.2067
30 169.16 3.9662 3.7077 1.8644 81,062 1.2342
45 164.13 3.8483 3.5604 1.8264 79,255 1.2618
60 159.41 3.7376 3.4220 1.7892 77,525 1.2899
75 155.29 3.6410 3.3012 1.7557 75,968 1.3163
90 151.22 3.5456 3*1820 1.7214 74,377 1.3445
• 105 147.88 3.4673 3.0841 1.6923 73,029 1.3693
120 144.68 3.3923 2.9904 1.6637 71,705 1.3946
135 141.39 3.3151 2.8939 1.6334 70,305 1.4224
150 138.95 3.2597 2.8224 1.6104 69,244 1.4442
165 135.60 3.1794 2.7242 1.5779 67,745 1.4761
180 133.07 3.1200 2.6500 1.5527 66,585 1.5018
TABLE 7.14
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION- OF CELLULOSE TRIACETATE 
(0.8 g/dl) IN METHYLENE'CHLORIDE CONTAINING 2.116M ACETIC ANHYDRITE AT 15°C
—2(i) Antimony pentachloride»2.0x10 Solvent flow-time=35.96secs.
Time
(minutes)
Flow-time 
(secs) ^rel V c [n] Mn 1/M x ' n
0 175.54 4.8815 4.8519 2.1152 92,776 1.0779
15 160.75 4.4702 4.3377 2.0113 87,895 1.1377
30 158.34 4.4032 4.2540 1.9931 87,042 1.1489
45 155.93 4.3362 4.1702 1.9745 86,171 1.1605
60 153.81 4.2772 4.0965 1.9578 85,389 1.1711
75 151.65 ‘ 4.2172 4.0215 1.9405 84,580 1.1823
90 149.55 4.1588 3.9485 1.9233 83,776 1.1937
105 147.75 4.1087 3.8859 1.9083 83,075 1.2037
120 146.09 4.0625 3.8281 1.8943 82,421 1.2133
135 . 144.08 4.0067 3.7584 1.8771 81,618 1.2252
150 142.29 3.9569 3.6961 1.8614 80,886 1.2363
165 140.67 3.9118 3.6397 1.8470 80,215 1.2466
180 139.25 3.8723 3.5904 1.8342 79,619 1.2560
ii) Antimony pentachloride®3*0x10” m Solvent flow-time=42.65secs
0 208,23 4.8823 4.8529 2.1152 92,776 1.0779
15 184.46 4.3250 4.1562 1.9713 86,021 1.1625
30 178.54 4.1862 3.9827 1.9314 84,154 1.1883
45 173.15 4.0597 3.8264 1.8935 82,384 1.2138
60 168,13 3.9421 3.6776 1.8567 80,667 1.2397
75 163.55 3.8347 3.5434 1.8218 79,041 1.2652
90 159.24 3.7336 3.4170 1.7879 77,464 1.2909
105 155.13 3.6373 3.2966 1.7544 75,908 1.3174
120 151.67 3.5561 3.1951 1.7252 74,553 1.3413
135 148.51 3.4821 3.1026 1.6979 73,288 1.3645
150 144.81 3.3953 2.9941 1•6648 71,756 1.3936
165 141.89 3.3270 2.9087 1.6381 70,522 1.4180
180 139.10 3.2614 2.8267 1.6118 69,308 1.4428
-2(iii) Antimony pentachloride=4.0x10 M Solvent flow-time>=35.96secs.
Time
(minutes)
Flow-time
(secs)
M ifn 1/Mv>;'x ' n
0 175.54 4.8815 4.8519 2.1152 92,776 1.0779
15 139.76 3.8865 3.6081 1.8388 79,833 1.2526
30 132.46 3.6835 3.3544 1.7706 76,660 1.3045
45 126.03 3.5047 3.1309 1.7063 73,677 1.3573
60 120.25 3.3440 2.9300 1.6448 70,832 1.4118
75 115.02 3.1985 2.7481 1.5859 68,114 1.4681
90 110.64 3.0767 2.5959 1.5340 65,725 1.5215
105 106,74 2.9683 2.4604 1.4856 63,503 1.5747
120 103.03 2.8651 2.3314 1.4376 61,304 1.6312
135 99 .65 2.7711 2.2139 1.3921 59,224 1.6885
150 96.87 2.6938 2.1172 1.3532 57,450 1.7406
165 94.19 2.6193 2.0241 1.3146 55,694 1.7955
180 91.63 2.5481 1.9351 1.2764 53,959 1.8533
_2
(iv) Antimony pentachloride= 6. Ox 10 M Solvent flow-time":42.65secs
0 208.23 4.8823 4.8529 2.1154 92,776 1.0779
15 163.11 3.8244 3.5305 1.8185 78,888 1.2676
30 146.84 3.4429 3.0536 1.6831 72,603 1.3774
45 134.15 3.1454 2.6817 1.5636 67,087 1.4906
60 124.39 2.9165 2.3956 1.4618 62,412 1.6022
75 116.39 2.7290 2.1612 1.3711 58,266 1.7163
90 109.91 2.5770 1.9712 1.2921 54,672 1.8291
105 104.36 2.4469 1.8086 1.2201 51,410 1.9451
120 99.57 2.3346 1.6682 1.1546 48,454 2.0638
135 95.45 2.2380 1.5475 1.0954 45,794 2.1837
150 92.05 2.1583 1.4479 1.0446 43,519 2.2978
165 89.03 2.0884 1.3605 0.9983 41,453 2.4122
180 86.64 2.0314 1.2892 0.9594 39,722 2.5175
TABLE 7.15
EFFECT OF STANNIC CEL OR IBS ON DEGRADATION OF CELLULOSE TRIACETATE (0.8 g/dl) 
3H METHYLENE CHLORIDE CONTAINING 2.116M ACETIC ANHYDRIDE AT 15° C
(i) Stannic chloride 6.0 x 10“2M Solvent flow-time » 35.96 secs.
Time
(minutes)
Flow-time 
(secs) \el V c; [1] Mn 1/M x 105 ' n
0 175.54 4.8815 4.8519 2.1152 92,776 1.0779
15 178.39 4.9608 4.9510 2.1338 93,652 1.0678
30 177.27 4.9288 4.9110 2.1263 93,299 1.0718
45 176.38 4.9049 4.8811 2.1207 93,035 1.0749
60 175.36 4.8765 4.8457 2.1140 92,720 1.0785
75 174.76 4.8598 4.8248 2.1100 92,532 1.0807
90 173.89 4.8356 4.7945 2.1042 92,259 1.0839
105 173.31 4.8195 4.7744 2.1003 92,075 1.0861
120 172.69 4.8023 4.7528 2.0961 91,878 1.0884
135 171.53 4.7700 4.7125 2.0883 91,511 1.0928
150 170.82 4.7503 4.6878 2.0834 91,280 1.0955
180 169.74 4.7202 4.6503 2.0760 90,945 1.0996
240 166.56 4.6318 4.5398 2.0536 89,880 1.1126
TABLE 7*15 cont inue d
—2(ii) Stannic chloride * 8.0 x 10 M Flow-time = 42.65 secs.
Time
(minutes)
Flow-time 
(secs) ^rel v °
Mn 1/M x 105 ' n
0 208.23 4.8823 4.8529 2.1152 92,776 1.0779
15 207.90 4.8746 4.8432 2.1135 92,696 1.0788
30 205.90 4.8277 4.7846 2.1023 92,169 1.0350
45 204.90 4.8042 4.7553 2.0966 91,901 1.0881
60 203.46 4.7704 4.7131 2.0884 91,516 I.O927
75 202.50 4.7479 4.6849 2.0828 91,252 1.0959
90 201.40 4.7221 4.6527 2.0764 90,951 1.0995
105 200.25 4.6952 4.6190 2.0697 90,637 1.1033
120 197.88 4.6396 4.5495 2.0556 89,974 1.1114
135 196.56 4.6087 4.5108 2.0477 89,603 1.1160
150 195.14 4.5754 4.4692 2.0391 89,200 1.1211
180 193.18 4.5294 4.4118 2.0270 88,632 1.1283
240 187.75 4.4021 4.2526 1.9928 87,028 1.1491
(iii) Stannic chloride = 10 x
C
M1OV* Solvent flow-time = 35.96 secs
0 175.54 4.8815 4.8519 2.1152 92,776 1.0779
15 172.40 4.7942 4.7428 2.0942 91,788 1.0895
30 169.91 4.7250 4.6562 2.0771 90,984 1.0991
45 168.51 4.6860 4.6075 2.0674 90,529 1.1046
60 166.51 4.6304 4.5380 2.0532 89,862 1.1128
75 164.90 4.5856 4.4821 2.0417 89,322 1.1196
90 163.94 4.5589 4.4487 2.0348 88,998 1.1236
105 163.64 4.5506 4.4383 2.0326 88,895 1.1249
120 162.71 4.5247 4.4059 2.0258 88,575 1.1290
135 161.81 4.4997 4.3746 2.0192 88,266 1.1329
150 160.10 4.4522 4.3152 2.0064 87,666 1.1407
165 159.08 4.4238 4.2797 1.9987 87,305 1.1454
195 156.73 4.3584 4.1981 1.9807 86,461 1.1566
240 153.26 4.2619 4.0774 1.9534 85,183 1.1739
(iv) Stannic chloride = 12.0 x 0
1 ro a Solvent flow-time = 42.65 secs
0 208.23 4.8823 4.8529 2.1152 92,776 1.0779
15 * :203.39 4.7688 4.7110 2.0880 91,497 1.0929
30 201.14 4.7161 4.6451 2.0750 90,886 1.1003
45 199.10 4.6682 4.5853 2.0629 90,317 1.1072
60 197.15 4.6225 4.5281 2.0512 89,767 1.1140
75 194.75 4.5662 4.4578 2.0367 89,087 1.1225
90 193.46 4.5360 4.4200 2.0288 88,716 1.1272
105 191.31 4.4856 4.3570 2.OI54 88,088 1.1352
120 189.64 4.4464 4.3080 2.0048 87,591 1.1417
135 188.06 4.4094 4.2617 1.9947 87,117 1.1479
150 186.22 4.3662 4.2078 1.9829 86,564 1.1552
165 184.83 4.3336 4.1670 1.9738 86,138 1.1609
195 181.85 4.2638 4.0797 1.9539 85,207 1.1736
240 177.19 4.1545 3.9431 1.9221 83,720 1.1944
TABLE Y*16
EFFECT OF FEKRIC CHLORIDE m  DEGRADATION OF CELLULOSE TRIACETATE (0.8 g/dl)
*nsj , irpfrn:IYL^E,vGHL0BI2S',CONT AIK IN
-- —. ------- ---------------- VI .-
G--2.1.16M- ACETIC ANHYDRI33E AT 20° C
—2
(i) Ferric chloride = 2.0 x 10 M Solvent flow-time =- 42.22secs.
Time
(minutes)
Flow-time i)rel n 
(secs)
0 i—
i
 1_
»
1/M x 105 # n
0 195.54 4.6267 4.5554 2.0323 *■ 88.000 1.1364
15 177.11 4.1949 5.9956 1.9540 84,495 1.1835
50 175.29 4.1518 5.9598 1.9213 83,888 1.1921
45 175.08 4.0995 5.8744 1.9056 83,141 1.2028
60 171.54 4.0630 3.8287 1.8945 82,613 1.2105
75 169«62 4.1075 5.7719 1.8805 81,948 1.2203
90 167.97 5.9784 5.7250 1.8682 81,364 1.2290
105 . 166.44 5.9422 5.6777 1.8567 80,819 1.2375
120 165.08 3.9100 5.6375 1.8464 80,330 1.2449
155 163.75 5.8785 5.5981 1.8362 79,846 1.2524
150 161.96 3.8361 5.5451 1.8223 79,188 v 1.2628
165 160.60 3.8039 5.5049 1.8117 78,686 1.2709
210 156.49 3.7065 5.5831 1.7785 77,116 1.2967
(ii) Ferric chloride * 3.0 X 10~2M Solvent flow-time = 25.48secs
0 117.89 4.6268 4.5555 2.0523 88,000 1.1364
15 V 107.63 4.2241 4.0301 1.9425 84,897 1.1779
50 105.66 4.1468 5.9555 1.9198 83,817 1.1951
45 103.15 4.0483 3.8104 1.8900 82,400 1.2136
60 101.55 5.9855 5.7519 1.8705 81,475 1.2274
75 99.67 5.9117 5.6396 1.8470 80,358 1.2444
90 98.34 5.8595 5.5744 1.8300 79,555 1.2570
105 96.24 5.7771 5.4714 1.8027 78,260 1.2778
120 94.78 5.7198 5.5997 1.7831 77,555 1.2931
155 93.28 3.6609 3.5261 1.7627 76,369 1.3094
150 91.83 3.6040 5.2550 1.7425 75,416 1.3260
165 90.69 5.5595 5.1991 1.7263 74,652 1.3595
240 85.11 5.5403 2.9254 1.6433 70,749 1.4154
(iii) Ferric chloride *= 4*0 x 10“2m Solvent flow-time = 42.22secs,
0 195.54 4.6267 4.5554 2.0523 88,000 1.1564
15 174.97 4.1442 5.9502 I.919O 85,779 1.1956
50 170.65 4.0419 3*8024 1.8880 82,305 1.2150
45 166.00 5.9518 3.6647 1.8534 80,662 1.2397
60 161.77 3.8316 5.5595 1.8208 79,117 1.2639
75 157.89 5.7597 5.4246 1.7899 77,655 1.2877
90 154.22 3.6528 3.5160 1.7598 76,232 1.3118
105 150.80 5.5718 5.2147 1.7509 74,869 1.5557
120 147.59 3.4910 5.1157 1.7012 73,470 1.3611
155 144.57 3.4242 3.0502 1.6759 72,280 1.5835
150 141.94 5.5619 2.9524 1.6519 71,152 1.4054
165 139.06 5.2957 2.8671 1.6248 69,881 1.4310
180 136.65 3.2366 2.7957 1.6016 68,794 1.4536
TABLE 7.16 continued
(iv) Ferric chloride = 6.0 x 10_2M Solvent flow-time = 35»62secs.
Time Flow-time I.,/0 [l] M 1/1 x 105
(minutes) (secs) re I Bp n n
0 164.81 4.6269 4,5336 2.0523 88,000 1.1364
15 143.22 4.0208 3.7760 1.8815 81,996 1.2196
30 137.37 3.8565 3.5706 1.8290 79,505 1.2578
45 131.33 3.6870 3.3587 1.7718 7-6,799 1.3021
60 126.13 3.5410 3.1762 1.7196 74,336 1.3452
75 121.19 3.4023 3.0029 1.6675 71,885 1.3911
90 117.46 3.2976 2,8720 1.6264 69,956 1.4295
105 113.02 3.1729 2.7161 1.5752 67,559 1.4802
120 109.50 3.0741 2.5926 1.5328 65,580 1.5249
135 106.29 2.9840 2.4800 1.4928 63,717 1.5694
150 103.33 2.9009 2.3761 1.4545 61,454 1.6145
165 100.57 2.8234 2.2792 1.4176 60,226 1.6604
180 98.62 2.7687 2.2109 1.3909 58,991 1.6952
TABLE 7.17
EFFECT OF ANTIMONY FENTACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
*3CD•CD IN METHYLENE CHLORIDE CONTAINING 2.116M ACETIC AEKYDRIDS At 20°C
(i) Antimony pentachloride = 2.0 x 10~2M Solvent :flow-time *= 35*62secs.
Time Flow-time M M 1/M x 10?
(minutes) (secs) rel SPV n n
0 164.81 4.6269 4.5336 2.0523 88,000 1.1364
15 150.83 4.2344 4.0430 1.9455 85,040 1.1759
3014 148.36 4.1651 3.9564 1.9252 64,074 1.1894
45 145.39 4.0817 3.8521 1.9002 82,884 1.2065
60 142.96 4.0135 3.7669 1.8792 81,887 1.2212
75 140.71 3.9503 3.6879 1.8593 80,942 1.2355
90 139.35 3.9121 3.6401 1.8471 80,363 1.2444
105 137.61 3.8633 3.5791 1.8313 79,614 1.2561
120 135.21 3.7959 3.4949 1.8090 78,558 1.2729
135 133.74 3.7546 3.4432 1.7950 77,896 1.2838
150 132.43 3.7179 3.3974 1.7825 77,305 1.2936
165 131.27 3.6853 3.3566 1.7712 76,771 1.3026
180 129.54 3.6367 3.2959 1.7542 75,968 1.3163
(ii) Antimony pentachloride = 3.0 x 10~2M Solvent flow-time = 42.22secs.
0 195.34 4.6267 4.5334 2.0523 88,000 1.1364
15 182.06 4.3122 4.1402 1.9677 86,099 1.1614
30 174.13 4.1243 3.9054 1.9131 83,498 1.1976
45 166.07 3.9334 3* 6667 1.8539 80,686 1.2394
60 161.05 3.8145 3.5181 1.8152 78,852 1.2682
75 155.09 3.6734 3.3417 1.7670 76,572 1.3060
90 150.49 3.5644 3.2055 1.7282 74,742 1.3379
105 146.92 3.4799 3.0999 1.6970 73,272 1.3648
120 142.71 3.3802 2.9752 1.6590 71,486 1.3989
135 139.16 3.2961 2.8701 1.6258 69,928 1.4300
150 136.15 3.2248 2.7810 1.5968 68,569 1.4584
165 133.43 3.1604 2.7005 1.5699 67,311 1.4856
180 130.71 3.0959 2.6199 1.5423 66,023 1.5146
TABLE 7*17 continued
—2
(iii) Antimony pentachloride = 4*0 x 10 M Solvent flow-time = 35*62secs.
Time
(minutes)
Flow-time
(secs) ^rel V 0 Mn 1/M x 105 ' n
0 164.81 4.6269 4.5334 2.0523 88,000 1.1364
15 140.SO 3.9556 3.6945 1.8610 81,023 1.2342
30 132.37 3.7162 3.3952 1.7819 77,276 1.2941
45 123.87 3.4775 3.0969 1.6961 73,230 1.3656
60 117.85 3.3065 2.8856 1.6307 70,158 1.4254
75 112.39 3.1552 2.6940 1.5677 67,209 1.4879
90 107.68 3.0230 2.5287 1.5103 64,531 1.5496
103 103.34 2.9012 2.3765 1.4546 61,941 1.6144
120 99.72 2.7996 2.2495 1.4060 59,689 1.6753
135 96.59 2.7117 2.1396 1.3623 57,670 1.7340
150 93.71 2,6308 2.0^85 1.3206 55,749 1.7938
165 90.83 2.5500 1.9375 1.2775 53,769 1.8598
180 88.75 2.4916 1.8645 1.2453 52,293 1.9123
(iv) Antimony pentachloride = 6.0 x 10 *71 Solvent flow-time = 42.22secs.
0 195.34 4.6267 4.5334 2.0523 88,000 1.1364
15 156.69 3.7113 3.3891 1.7802 77,196 1.2954
30 138,75 3.2864 2.8580 1.6219 69,745 1.4339
45 125.38 2.9697 2.4621 1,4863 63,414 1.5769
60 115.18 2.7281 2.1601 1.3706 58,053 1.7226
75 107,65 2.5497 1.9371 1.2773 53,759 1.8601
90 101.37 2.4010 1.7512 1.1937 49,936 2.0026
105 95.610 2.2646 1.5807 1.1120 46,223 2.1634
120 91.50 2.1672 1.4590 1.0503 43,434 2.3023
135 87.88 2,0815 1.3519 0.9937 40,890 2.4456
150 84.95 2.0121 1.2651 0.9460 38,755 2.5803
165 82.00 1.9422 1.1777 0.8962 36,537 2.7369
180 79.79 1.8899 1.1124 0.8579 34,838 2.8704
TABLE 7.18
EFFECT OP STANNIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8g/dl) 
IN METHYLENE CHLORIDE CONTAINING 2.116M ACETIC ANHYDRIDE AT 20° C 
(i) Stannic chloride =6.0 x 10 M Solvent flow-time = 35*62secs.
Time How-tirae t) -  tj / c  [ t) 1  M 1/M x  1 0 ^
(minutes) (secs) rel W  n n
0 164.81 4.6269 4.3534 2.0523 88,000 1.1364
15 151.02 4.2398 4.0497 1.9470 85,112 1.1749
30 149.20 4.1887 3.9859 1.9322 84,407 1.1847
45 148.15 4.1592 3.9490 1.9235 83,993 1.4906
60 147.21 4.1328 3.9160 1.9156 83,617 1.1959
75 146.12 4.1022 3.8777 1.9064 83,179 1.2022
90 145.17 4.0755 3.8444 1.8983 82,794 1.2078
105 144.28 4.0505 3.8131 1.8906 82,428 1.2132
120 143.37 4.0250 3.7812 1.8827 82,053 1.2187
135 142.33 3.9958 3.7447 1.8737 81,625 1.2251
150 141.29 3.9666 3.7082 1,8645 81,189 1.2317
165 140.67 3.9492 3.6865 1.8590 80,928 1.2357
210 138.13 3.8779 3.5974 1.8361 79,842 1.2525
TABLE 7*18 continued 
(ii) Stannic chloride = 8.0 X 0
1 N>
a
1
Solvent flow-time = 42.22secs
Time
(minutes)
Flow-time 
(secs) \el v° M Mn 1/M x 10! n
0 195.34 4.6267 4.5334 2.0523 88,000 1.1364
15 178.03 4.2167 4.0209 1.9404 84,797 1.1793
30 175.47 4.1561 3.9451 1.9225 83,945 1.1912
45 172.74 4.0914 3.8642 1.9031 83,022 1.2045
60 170.52 4.0388 3.7985 1.8870 82,257 1.2157
75 168.49 3.9908 3.7385 1.8721 81,549 1.2262
90 166.91 3.9533 3.6916 1.8603 80,989 1.2347
105 . 164.98 3.9076 3.6345 1.8457 80,297 1.2454
120 163.28 3.8674 3.5842 1.8326 79,676 1.2551
135 161.91 3.8349 3.5436 1.8219 79,169 1.2631
150 159.96 3.7887 5.4859 1.8066 78,445 1.2748
180 156.98 3.7181 3.3976 1.7825 77,305 1.2936
240 151.51 . 3.5886 3.2357 1.7369 75,152 1.3306
(iii) Stannic chloride *= 10.0 x 10“2M Solvent flow-time = 35*62secs,
0 164.81 4.6269 4.5334 2.0523 88,000 1.1364
15 145.75 4.0918 3.8647 1.9032 83,027 1.2044
30 143.33 4.0239 3.7799 1.8824 82,039 1.2189
45 140.94 3.9568 3.696O 1.8614 81,042 1.2339
60 138.51 3.8885 3.6106 1.8395 80,003 1.2499
75 136.36 3.8282 3.5352 1.8197 79,065 1.2648
90 134.18 3.7670 3.4587 1.7992 78,094 1.2805
105 132.18 3.7108 3.3885 1.7800 77,187 1.2955
120 130.43 3.6617 3.3271 1.7629 76,379 1.3093
135 128.80 3.6159 3.2699 1.7468 75,619 1.3224
150 127.03 3.5663 3.2079 1.7289 74,775 1.3373
165 125.53 3.5241 3.1551 1.7134 74,044 1.3505
180 123.99 3.4809 3.1011 1.6974 73,291 1.3644
(iv) Stannic chloride = 12.0 x 10~2M Solvent flow-time = 42.22secs,
0 195.34 4.6267* 4.5334 2.0523 88,000 1.1364
15 171.95 4.0727 3.8409 1.8975 82,756 1.2084
30 167.82 3.9750 3.7187 1.8671 81,312 1.2298
45 164.55 3.8974 3.6217 1.8423 80,136 1.2479
60 161.84 3.8333 3.5416 1.8214 79,145 1.2635
75 158.99 3.7658 3.4572 1.7988 78,076 1.2808
90 155.28 3.6779 3.3474 1.7686 76,648 1.3047
105 152.66 3.6158 _ 3.2697.. 1,7467 75,614 1.3226
120 150.15 3.5564 3.1955 1.7253 74,605 1.3404
135 147.80 3.5007 3.1259 1.7048 73,639 1.3580
150 145.38 3.4434 3.0542 1.6832 72,623 1.3770
165 143.41 3.3967 2.9959 1.6654 71,786 1.3930
180 141.48 3.3510 2.9387 1.6475 70,946 1.4095
TABLE 7-19
EFFECT OF FERRIC CHLORIDE ON DEGRADATION■OF CELLULOSE TRIACETATE (0.8 g/dl)
DT METHYLENE CHLORIDE CONTAINING 2.116 M ACETIC AKHYDRIEE-AT 25°C
(i) Ferric chloride = 2.0 x 10~2M Solvent flow-time * 39»03secs
Time
(minutes)
Flow-time
(secs) v° M Mn 1/M x 10' ' n
0 178.56 4.5749 4.4687 2.0390 89,638 1.1156
15 160.45 4.1109 3.8886 1.9090 84,100 1.1891
30 156.47 4.0090 3.7612 1.8778 82,768 1.2082
45 153.13 3.9234 3.6542 1.8507 81,612 1.2253
60 149.84 3.8391 3.5489 1.8233 80,442 1.2431
75 146.71 3.7589 3.4486 1.7965 79,297 1.2611
90 143.89 3.6866 3.3582 1.7717 78,237 1.2782
105 . 141.59 3.6277 3.2846 1.7509 77,347 1.2929
120 138.59 3.5509 3.1886 1.7233 76,167 1.3129
135 156.28 3.4917 3.1146 1.7014 75,229 1.3293
150 133.90 3.4307 3.0384 1.6784 74,244 1.3469
165 131.71 3.3746 2.9682 1.6568 73,319 1.3639
180 129.84 3.3267 2.9O84 1.6380 72,514 1.3790
(ii) Ferric chloride ■ 3*0 X 10”2M Solvent flow-time * 65.57secs,
0 300.00 4.5751 4.4689 2,0390 89,638 1.1156
15 259.24 3.9536 3.6920 1.8604 82,026 1.2191
30 249.13 3.7994 3.4992 1.8101 79,878 1.2519
45 241.86 3.6886 3.3607 1.7724 78,267 1.2777
60 233.64 3.5632 3.2040 1.7279 76,363 1.3095
75 226.41 3.4529 3.0661 1.6869 74,608 1.3403
90 219.22 3.3433 2.9291 1.6446 72,796 1.3737
105 214.52 3.2686 2.8357 1.6147 71,515 1.3983
120 208,73 3.1833 2.7291 1.5796 70,009 1.4284
135 203.89 3.1095 2.6369 1.5482 68,661 1.4564
150 198.96 3.0343 2.5429 1.5153 67,248 1.4870
165 195.18 2.9767 2.4709 1.4895 66,139 1.5120
180 190.96 2.9123 2.3904 1.4598 64,862 1.5417
(iii) Ferric chloride = 4*0 X 10“2M Solvent flow-time * 65.57secs,
0 300.00 4.5751 4.4689 2.0390 89,638 1.1156
15 257.23 3.9230 3.6537 1.8506 81,607 1.2253
30 244.15 3.7235 3.4044 1.7844 78,780 1.2694
45 231.42 3.5294 3.1617 1.7154 75,828 1.3188
60 220.26 3.3592 2.9490 1.6508 73,062 1.3687
75 211.29 3.2223 2.7779 1.5958 70,704 1.4144
90 203.67 3.1061 2.6326 1.5467 68,597 1.4580
105 195.74 2.9852 2.4816 1.4933 66,303 1.5082
120 189.14 2.8846 2.3557 1.4468 64,303 1.5551
135 183.43 2.7975 2.2469 1.4050 62,503 1.6000
150 178.31 2.7194 2.1492 1.3662 60,832 1.6439
165 173.36 2.6439 2.0549 1.3275 59,163 1.6902
180 168.54 2.5704 1.9630 1.2885 57,479 1.7398
TABLE 7.19 continued 
(iv) Ferric chloride = 6.0 x 0
1 ro a Solvent flow-time *=71.65 secs.
Time
(minutes)
Flow-time
(secs) V-i V 0 M Mn 1/M x 10p ' n
0 327.71 4.5750 4.4688 2.0590 89,658 1.1156
15 265.64 5.6806 3.3507 1.7696 78,147 1.2796
30 242.64 3.3874 2.9842 1.6618 73,533 1.3599
45 228.15 5.1848 2.7310 1.5802 70,055 1.4279
60 215.58 2.9817 2.4771 1.4917 66,254 1.5098
75 201.57 2*8115 2.2641 1.4117 62,792 1.5926
90 191.52 2.6757 2.0921 1.3429 59,827 1.6715
105 185.90 2.5674 1.9592 1.2869 57,410 1.7419
120 175.93 2.4561 1.8201 1.2254 54,752 1.8264
135 169.97 2.5729 1.7161 1.1773 52,670 1.8986
150 164.14 2,2915 1.6144 1.1285 50,555 1.9780
165 159.05 2.2202 1.5252 1.0842 48,652 2.0565
180 155.70 2.1737 1.4671 1.0546 47,342 2.1125
TABLE 7.20
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
(0.8 g/dl) IN METHYLENE CHLORIDE CONTAINBIG 2.116M ACETIC ANHYDRIDE AT 25°C
(i) Antimony pentachloride *= 2.0x 10~2M Solvent flow-time *= 33.18 secs.
Time
(minutes)
Flow-time 
(secs) \el V c M
Mn 1/M x 105 1 n
0 151.80 4.5750 4.4688 2.0390 89,638 1.1156
15 158.13 4.1631 '3.9539 1.9246 84,765 1.1797
30 135.86 4.0946 3.8683 1.9041 83,891 1.1920
45 133.24 4.0157 3.7696 1.8799 82,858 1.2069
60 130.84 3.9434 3.6792 1.8571 81,885 1.2212
75 128.51 3.8731 3.5914 1.8345 80,920 1.2358
90 126.29 3.8062 3.5077 1.8124 79,976 1.2504
105 124.29 3.7459 3.4324 1.7921 79,109 1.2641
120 122.21 3.6852 3.3540 1.7705 78,185 1.2790
135 120.36 3.6275 3.2844 1.7509 77,347 1.2929
150 118.41 3.5687 3.2109 1.7298 76,445 1.3081
165 116.69 3.5169 3.1461 1.7108 75,632 1.3222
180 114.91 3.4632 3.0790 1.6908 74,775 1.3373
(ii) Antimony pentachloride = 3.0 x 10”2M Solvent flow-time= 33*18 secs.
0 151.80 4,5750 4.4688 2.0390 89,638 1.1156
15 131.78 3.9717 3.7146 1.8661 82,269 1.2155
30 122.80 3.7010 3.3762 1.7767 78,450 1.2747
45 115.73 3.4879 3.1099 1.7000 75,169 1.3303
60 109.60 3.3032 2.8790 1.6599 73,452 1.3614
75 104.46 3.1483 2.6854 1.5648 69,374 1.4415
90 099.71 3.0051 2,5064 1.5023 66,690 1.4995
105 95.760 2.8861 2.3576 1.4475 64,333 1.5544
120 92.41 2.7851 2.2314 1.3989 62,241 1.6066
135 89,21 2,6887 2,1109 1 ..3506 60,159 1.6623
150 86.78 2.6154 2.0192 1.3125 58,515 1.7090
165 83.91 2.5289 1.9111 1.2659 56,503 1.7698
180 81.67 2.4614 1.8267 1.2284 54,881 1.8221
TABLE 7*20 continued
—2
(iii) Antimony pentachloride=4.0x10 M Solvent flow-time=39*03 secs.
Time
(minutes)
Flow-time 
(secs) ^rel V c Mn . 1/M x 105 ' n
0 178.56 4.5749 4.4687 2.0390 89,638 1.1156
15 147.68 3.7837 3.4796 1.8049 79,656 1.2554
30 . 134.44 3.4445 3.0556 1.6837 74,471 1.3428
45 123.48 3.1637 2.7046 1.5713 69,655 1.4357
60 114.75 2.9400 2.4250 1.4727 65,417 1.5286
75 107.84 2.7630 2.2037 1.3880 61,771 1.6189
90 102.08 2.6154 2.0192 1.3125 58,515 1.7090
105 97.16 2.4894. 1.8617 1.2441 55,560 1.7998
120 92.81 2.3779 1.7224 ■'1.1803 52,800 1.8939
135 89.21 2.2857 1.6071 1.1250 50,403 1.9840
150 85.97 2.2027 1.5034 1.0731 48,150 2.0768
165 83.26 2.1332 1.4165 1.0281 46,194 2.1648
180 80.84 2.0712 1.3390 0.9867 44,392 2.2526
_2
(iv) Antimony pentachloride«6.0x10 M Solvent flow-time= 39.03 secs.
0 178.56 4.5749 4.4687 2.0390 89,638 1.1156
15 121.96 3.1248 2.6560 1.5548 68,945 1.4504
30 103.16 2.6431 2e0539 1.3270 59,141 1.6909
45 90.01 2.3062 1.6327 1.1375 50,945 1.9629
60 82.89 2.1237 1.4046 1.0219 45,924 2.1775
75 76.80 1.9677 1.2096 0.9146 41,248 2.4244
90 72.36 1.8539 1.0674 0.8309 37,587 2.6605
105 68.68 1.7597 0.9496 0.7577 34,377 2.9089
120 65.92 1.6889 0.8611 0.7003 31,853 3.1394
135 63.61 1.6298 0.7872 0.6506 29,661 3.3714
150 61.67 1.5801 0.7251 0.6076 27,761 3.6022
165 60.00 1.5373 0.6716 O .5696 26,079 3.8345
180 58.55 1.5001 0.6251 O .5358 24,579 4.0685
TABLE 7.21
EFFECT OF STANNIC CHLORIDE ON DEGRADATION OP CELLULOSE TRIACETATE (0.8g/dl) 
IN METHYLENE CHLORIDE CONTAINING 2.116M^  ACETIC ANHYDRIDE AT 25° C
(i) Stannic chloride = 6.0 x 10”2M Solvent flow-time = 33.18 secs.
Time
(minutes)
Flow-time
(secs) \el
T) /c 'sp' M Mn 1/M x 105 ' n
0 151.80 4.5750 4.4689 2.0390 89,638 1.1156
15 140.40 4.2315 4.0394 1.9446 85,617 .1.1680
30 139.51 4.2046 4.0057 1.9368 85,285 1.1725
45 138.23 4.1660 3.9575 1.9255 84,803 1.1792
60 136.87 4.1251 3.9064 1.9133 84,283 1.1865
75 135.94 4.0970 3.8712 1.9048 83,920 1.1916
90 135.10 4.0717 3.8396 1.8971 83,592 1.1963
105 134.19 4.0443 3.8054 1.8887 83,234 1.2014
120 133.30 4.0175 3.7719 1.8804 82,879 1.2066
135 132.71 3.9997 3.7496 1.8749 82,645 1.2100
150 132.00 3.9783 3.7229 1.8682 82,359 1.2142
165 131.00 3.9482 3.6852 1.8587 81,953 1.2202
180 130.22 3.9246 3.6557 1.8511 81,629 1.2251
TABLE 7*21 continue d 
Qi), ..Stannic chloride = 8,0 x
C
MIO
Solvent flow-time « 33. .18 secs
Time
(minutes)
Plow-time 
(secs) ^rel v° M Mn 1/M x 10> n
0 ’ 151.80 4.5750 4.4689 2.0390 89,633 1.1156
15 135.00 4.0687 3.8359 1.8962 83,554 1.1968
50 132.41 3.9906 3.7382 1.8721 82,525 1.2117
45 129.66 3.9078 3.6347 1.8457 81,398 1.2285
60 127.09 3.8303 3.5379 1.8204 80,318 1.2450
75 124.71 3.7586 3.4482 1.7964 79,292 1.2612
90 122.62 3.6956 3.3695 1.7748 78,369 1.2760
105 120.60 3.6347 3.2934 1.7534 77,454 1.2911
120 118.67 3.5766 3.2207 1.7326 76,564 1.3061
135 116.71 3.5175 3.1469 1.7110 75,640 1.3220
150 114.34 3.4461 3.0576 1.6843 74,497 1.3423
165 112.96 3.4044 3.0055 1.6684 73,816 1.3547
180 111.57 3.3626 2.9532 1.6521 73,118 1.3676
(iii) Stannic chloride = 10.0 x 10~2M Solvent flow-time = 39.03 secs,
0 178.56 4.5749 4.4689 2.0390 89,638 1.1156
15 159.70 4.0917 3.8648 1.9032 83,852 1.1926
30 155.65 3.9879 3.7349 1.8712 82,487 1.2123
45 152.07 3.8962 3.6202 1.8419 81,236 1,2310
60 148.44 3.8032 3.5040 1,8114 79,933 1,2510
75 145.07 3.7169 3.3961 1.7821 78,681 1.2709
90 142.06 3.6398 .3.2997 1.7552 77,531 1.2898
105 139.23 3.5672 3.2090 1.7292 76,419 1.3086
120 136.76 3.5040 3.1300 1.7060 75,426 1.3258
135 134.39 3.4433 3.0541 1.6832 74,450 1.3432
150 131.86 3.3784 2.9730 1.6583 73,383 1.3627
165 129.80 3.3256 2.9070 1.6376 72,496 1.3794
180 127.62 3.2698 2.8372 1.6152 71,536 1.3979
(iv) Stannic chloride = 12.0 x 10"2M Solvent flow-time - 39.03
0 178.56 4.5749 4.4689 2.0390 89,638 1.1156
15 156.60 4.0123 3.7654 1.8788 82,811 1.2076
50 150.76 3.8627 3.5784 1.8311 80,775 1.2380
45 145.35 3.7241 3.4051 1.7846 78,788 1.2692
60 140.95 3.6113 3.2641 1.7451 77,099 1.2970
75 136.45 3.4960 3.1200 1.7031 75,302 1.3280
90 132.46 3.3938 • 2.9922 1.6643 73,640 1.3579
105 128.65 3.2962 2.8702 1.6258 71,991 1.3891
120 125.50 3.2155 2.7694 1.5930 70,584 1.4167
155 122.30 3.1335 2.6669 1.5585 69,104 1.4471
150 119.32 3.0571 2.5714 1.5254 67,682 1.4775
165 116.44 2.9833 2.4792 1.4925 66,268 1.5090
180 112.22 2.8752 2.3440 1.4424 64,114 1.5597
TABLE 7.22
EFFECT OF TELLURIUM TETRACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
(Ova^/di) IN- METHYLENE CHLORIDE CONTAINING 2.116M ACETIC ANHYDRIDE' AT' 25°C
(i)Tellurium tetrachloride-6•0x10~CM Solvent flow-time==33.18 secs.
Time
(minutes)
Flow-time 
(secs) \el v °
M Mn 1/M x 105 ' n
0 151.80 4.5750 4.4689 2.0390 89,658 1.1156
15 149.75 4.5133 4.3916 2.0227 88,944 1.1243
30 149.35 4.5012 4.3765 2.0195 88,808 1.1260
45 149.25 4.4982 4.3727 2.0187 88,774 1.1264
75 148.93 4.4885 4.3607 2.0162 88,668 1.1278
105 148.71 4.4819 4.3524 2.0144 88,591 1.1288
135 148.47 4.4747 4.3433 2.0124 88,506 1.1299
165 ■ 148.19 4.4662 4.3328 2.0102 88,412 1.1310
240 147.70 4.4515 4.3143 2.0062 88,242 1.1332
(ii)Tellurium tetrachloride=8.0x10 Solvent flow-time=39*03 secs.
0 178.56 4.5749 4.4689 2.O39O 89,638 1.1156
15 179.42 4.5969 4.4962 2.0447 89,881 1.1125
30 179.10 4.5888 4*4860 2.0425 89,787 1.1137
45 178,87 4.5829 4.4786 2.0410 89,723 1.1145
75 177.93 4.5588 4.4486 2.0347 89,455 1.1179
105 177.31 4.5429 4.4286 2.0306 89 ,281 1.1201
135 176.35 4.5183 4.3979 2.0241 89,004 1.1235
165 175.41 4.4942 4.3678 2.0177 88,732 1.1270
240 173.27 4.4394 4.2992 2.0031 88,110 1.1349
—2(iii)Tellurium tetrachloride=10,0x10* M Solvent flow-time=39«03 secs.
0 178.56 4.5749 4.4689 2.0390 89,638 1.1156
15 178.89 4.5834 4.4792 2.0411 89,728 1.1145
30 178.56 4.5749 4.4687 2.0390 89,638 1.1156
45 177.77 4.5547 4.4434 2.0337 89,413 1.1184
75 176.72 4.5278 4.4097 2.0266 89,110 1.1222
105 175.85 4.5050 4.3812 2.0206 88,855 1.1254
135 174.95 4.4824 4.3531 2.0146 88,600 1.1287
165 173.99 4.4573 4.3223 2.0079 88,314 1.1323
240 172.26 4.4135 4.2669 1.9959 87,803 1.1389
(iv)Tellurium tetrachloride=12.0x10~ M Solvent flow~time=39.03 secs.
0 178.56 4.5750 4.4689 2.0390 - 89,638 1.1156
15 181.78 4.6574 4.5718 2.0601 90,536 1.1045
30 180.74 4.6308 4.5385 2.0534 90,251 1.1080
45 180.19 4.6167 4.5209 2.0497 90,094 1.1099
75 178.78 4.5806 4.4757 2.0404 89,698 1.1-148
105 177.73 4.5537 4.4421 2.0334 89,400 1.1186
135 176,59 4.5245 4.4056 2.0257 89,072 1.1227
165 175.42 4.4945 4.3681 2.0177 88,732 1.1270
240 172.66 4.4238 4.2797 1.9987 87,922 1.1374
-L-Tl-UJJJ-i f
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8 g/dl)
m . m T m m ® .  chloride containing.2. 11 6m\ acetic cmYPRiDE at 30V ,. ...
(i) Ferric chloride =: 2.0 x 10~2M Solvent flow-time* 62.20secs
Time
(minutes)
Flow-time 
(secs) ^rel v° M Mn 1/M x 1i ' n
0 254.07 4.0847 3.8559 1.9011 92,000 1.0869
15 250.81 4.0323 3.7904 1.8850 91,177 1.0968
50 243.90 3.9212 3.6515 1.8500 89,476 1.1176
45 235.10 3.7797 3.4746 1.8035 87,215 1•1466
60 227.00 3.6495 3.3119 1.7587 85,037 1.1759
75 220,00 3.5370 3.1712 1.7182 83,068 1.2038
90 213.53 3.4330 3.0412 1.6793 81,178 1.2319
105 208.28 3.3486 2.9357 1.6466 79,589 1.2564
120 202.55 3.2564 2.8205 1.6097 77,796 1.2854
135 197.86 3.1810 2.7262 1.5786 76,285 1.3109
150 193.50 3.1109 2.6386 1.5488 74,837 1.3362
165 189.37 3.0445 2.5556 1.5198 73,428 1.3619
180 185.70 2.9855 2.4819 1.4935 72,151 1.3860
(ii) Ferric chloride = 3.0 X 10~2M Solvent flow-time* 62.20secs,
0 254.07 4.0347 3.8559 1.9011 92,000 1.0869
15 239.00 3.8424 3.5530 1,8244 88,231 1.1334
30 223.50 3.5932 3.2415 1.7386 84,060 1.1896
45 209.72 3.3717 2.9646 1.6557 80,031 1.2495
60 198.47 3.1908 2.7385 1.5827 76,484 1.3075
75 188.44 3.0296 2.5370 1.5132 73,108 1.3678
90 180.05 2.8947 2.3684 1.4516 70,116 1.4262
105 172.70 2.7765 2.2206 1.3947 67,353 1.4847
120 166.30 2.6736 2.0920 1.3429 64,839 1.5423
135 160.34 2.5778 1.9722 1.2925 62,393 1.6027
150 155.13 2.4941 1.8676 1.2467 60,170 1,6620
165 151o06 2.4286 1.7857 1.2097 58,375 1,7131
180 147.09 2.3648 1.7060 1.1726 56,575 1.7676
(iii) Ferric chloride * 4.0 x 10“2M Solvent flow-time* 68.74secs,
0 280.80 4.0847 3.8559 1.9011 92,000 1.0869
15 252.57 3.6743 3.3429 1.7674 85,460 1.1701
30 231.78 3.3718 2.9647 1.6557 80,031 1.2495
45 214.56 3.1213 2.6516 1.5532 75,051 1.3324
60 200.07 2.9105 2.3831 1.4590 70,476 1.4189
75 188.48 2.7419 2.1774 1.3775 66,518 1.5033
90 178.69 2.5995 1.9’994 1.3041 62,956 1.5884
105 170.52 2.4807 1.8509 1.2392 59,806 1.6721
120 163.40 2.3771 1.7214 1.1798 56,925 1.7567
135 157.27 2.2879 1.6099 1.1263 54,330 1.8406
150 152.35 2.2163 1.5204 1.0818 52,172 1.9167
165 147.68 2.1484 1.4355 1.0381 50,054 1.9978
180 143.66 2.0899 1.3624 0.9993 48,173 2.0758
TABLE 7.23 continued
(iv) Ferric chloride = 6.0 x 10“2M Solvent flow-time= 68«74secs.
Time Flow-time ‘ L ^nJ M " 1/M " x 1CK '
(minutes) (secs) Te± sp' n n
0 280.80 4.0847 3.9559 1.9011 92,000 1.0869
15 238.86 3.4748 3.0935 1.6951 81,946 1.2203
30 210.61 3.0639 2.5799 1.5284 73,846 1.3542
43 189.31 2.7540 2.1925 1.3836 66,815 3.4967
60 174.55 2.5393 1.9241 1.2716 61,378 1.6292
75 162.88 2.3895 1.7369 1.1871 57,279 1.7458
90 153.38 2.2313 1.5391 1.0912 52,628 1.9001
105 145.29 2.1136 1.3920 1.0152 48,944 2.0431
120 139.39 2.0278 1.2847 0.9569 46,118 2.1683
135 133.89 1.9478 1.1847 0.9003 43,376 2.3054
150 129.53 1.8843 1.1054 0.8537 41,120 2.4319
165 125.40 1.8243 1.0304 0.8083 38,921 2.5693
180 122.28 1.7789 0.9736 0.7729 37,208 2.6876
TABLE 7.24
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
(0-8 g/dl) IN METHYLENE CHLORIDE CONTAINING 2.116M ACETIC ANHYDRIDE AT 30°C
(i) Antimony pentachloride^ 2.0 x 10 Solvent flow-time* 62.20 secs,
Time Flow-time b ] M 1/M x 105
(minutes) (secs) rel spr n ' n
0 254.07 4.0847 3.9559 1.9011 92,000 1.0869
15 250.36 4.0251 3.7814 1.8828 91,070 1.0981
30 239.00 3.8424 3.5530 1.8244 88,231 1.1334
45 218.35 3.6712 3.3390 1.7663 85,406 1.1709
60 219.65 3.5314 3.1642 1.7162 82,971 1.2052
75 211,84 3.4058 3.0072 1.6689 80,672 1.2396
90 205.05 3.2966 2.8707 1.6260 78,588 1.2724
105 198.65 3.1937 2.7421 1.5839 76,542 1.3065
120 193.53 3.1114 2.6392 1.5490 74,847 1.3361
135 187.79 3.0191 2.5239 1,5086 72,884 1.3720
150 183.00 2.9421 2.4276 1.4736 71,185 1.4048
165 178.76 2.8704 2.3425 1.4418 69,640 1.4360
180 174.72 2.8090 2.2612 1.4106 68,125 1.4679
(ii) Antimony pentachloride = 3.0 x 10“2M Solvent flow-time= 62.20secs.
0 254.07 4.0847 3.9559 1.9011 92,000 1,0869
15 237.63 3.8204 3.5255 1*8171 87,876 1.1380
30 219.28 3.5254 3.1567 1.7139 82,859 1.2069
45 204.61 3.2895 2.8619 1.6231 78,447 ' 1.2747
60 191.82 3.0839 2.6049 1.5371 74,269 1.3464
75 182.30 2.9309 2,4136 1.4685 70,937 1.4097
90 173.20 2.7846 2.2307 1.3987 67,548 1.4804
105 165.92 2.6675 2.0844 1.3397 64,683 1.5460
120 159.15 •2.5587 1.9484 1.2822 61,893 1.6157
135 153.67 2.4706 1.8382 1.2336 59,535 1.6797
150 149.29 2.4002 1.7502 1.1933 57,579 1.7367
165 144.71 2.3265 1.6581 1.1497 55,465 1,8029
180 140,87 2,2648 1.5810 1.1121 53,641 1.8642
TABLE 7*24 continued
_2
(iii) Antimony. pentachloride=4.0x10 M Solvent flow-time=68.74secs.
Time Flow-time W ' ST 1/M x 10^
(minutes) (secs) rej. S ¥ n n
0 280.80 4.0847 3.9559 1.9011 92,000 1.0869
15 241.84 3.5182 3.1477 1.7113 82,733 1.2087
30 211.79 3.0810 2.6012 1.5359 74,210 1.3475
45 190.18 2.7666 2.2082 1.3898 67,116 1.4899
60 175.71 2.5562 1.9452 1.2808 61,825 1.6175
75 164.45 2.3923 1.7404 1.1887 57,356 1.7435
90 154.77 2.2515 1.5644 1.1039 53,244 1.8781
105 147.37 2.1439 1.4299 1.0352 49,913 2.0035
120 141.41 2.0573 1.3216 0.9772 47,102 2.1230
135 156.32 1.9831 1.2289 0.9256 44,602 2.2420
150 131.68 1.9156 1.1445 0.8769 42,243 2,3672
165 127.73 1.8582 1.0727 0.8341 40,171 2.4893
180 124.36 1.8091 1.0114 0.7965 38,350 2.6076
(iv) Antimony pentachloride=6,0x 10“2M Solvent flow-time=68.74secs.
0 280.80 4.0847 3.9559 1.9011 92,000 1.0869
15 191.94 2.7923 2.2404 1.4025 67,732 1.4764
30 158.93 2.3120 1.6010 1.1410 55,043 1.8168
45 138.98 2.0218 1.2772 0.9527 45,915 2.1779
60 126.76 1.8440 1.0550 0.8234 39,652 2.5219
75 118.53 1.7243 0.9054 0.7293 35,098 2.3492
90 112.01 1.6295 O .7869 0.6504 31,282 3.1967
105 107.22 1.5598 0.6997 0.5897 28,348 3.5276
120 103.38 1.5039 0.6299 0.5393 25,913 3.8591
135 100.04 1.4553 0.5691 0.4941 23,730 4.2141
150 97.64 1.4202 0.5255 0.4609 22,127 4.5194
165 95.51 1.3894 0.4867 0.4308 20,675 4.8367
180 93.52 1.3605 0.4506 O.4023 19,300 5.1813
TABLE 7.25
EFFECT OF STANNIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8 g/dl)
IN METHYLENE CHLORIDE CONTAINING 2.116M ACETIC ANHYDRIDE AT 30°C
_2
(i) Stannic chloride=6,0x1C M Solvent flow-time= 62.20secs.
Time
(minutes)
Flow-time
(secs) ^rel V c [»] Mn 1/M x 10? ' n
0 254.07 4.0847 3.9559 1.9011 92,000 1.0869
15 247.77 3.9834 3.7292 1.8698 90,438 1.1057
30 243.24 3.9106 3.6382 1.8466 39,310 1.1197
45 238.91 3.8410 3.5512 1.8239 88,207 1.1337
60 235.59 3.7876 3.4845 1.8062 87,346 1.1449
75 230.78 3.7105 3.3879 1.7799 86,067 1.1619
90 226.98 3.6492 3.3115 1.7586 85,032 1.1760
105 223.22 3.5887 3.2359 1.7370 83,982 1.1907
120 219.88 3.5350 3.1687 1.7175 83,034 1.2043
135 216.36 3.4785 3.0981 1.6965 82,014 "1.2193
150 213.26 3.4286 3.0357 1.6776 81,095 1.2331
165 210.25 3.3802 2.9752 1.6590 80,191 1.2470
180 207.60 3.3376 2.9220 1.6423 79,380 1.2598
TABLE 7.25 continued
(ii) Stannic chloride = 8.0 x 10~2M Solvent. flow-time .*? 68«74s,ecs
Time Flow-time ^0r/C M M 1/M x 10:
(minutes) (secs) rel sp n n
0 280.80 4.0847 3.9559 1.0911 92,000 1.0869
15 266.13 3.8715 3.5894 1.8339 88,695 1.1275
30 157.73 3.7493 3.4366 1.7932 86,714 1.1532
45 250.15 3.6391 3.2989 1.7550 84,857 1.1784
60 242.93 3.5340 3.1675 1.7171 83,015 1.2046
75 236.72 3.4437 3.0546 1.6834 81,377 1.2288
90 231.13 3.3624 2.9530 1.6521 79,856 1.2522
105 225.42 3.2793 2.8491 1.6190 78,248 1.2780
120 220.50 3.2077 2.7596 1.5897 76,824 1.3017
135 215.43 3.1340 2.6675 1.5587 75,318 1.3277
150 211.08 3.0707 2.5884 1.5314 73,992 1.3515
165 207.09 3.0127 2.5159 1.5057 72,744 1.3747
180 203.43 2.9594 2.4492 1.4816 71,573 1.3972
(iii) Stannic chloride = 10 x 10“2M Solvent flow-time = 62.20secs,
0 254.07 4.0847 3.9559 1.9011 92,000 1.0869
15 233.03 3.7463 3.4329 1.7922 86,665 1.1539
30 224.32 3.6064 3.2580 1.7434 84,293 1.1863
45 216.04 3.4733 3.0916 1•6946 81,921 1.2207
60 208.37 3.3500 2.9375 1.6472 79,618 I.256O
75 201.62 3.2415 2.8019 1.6037 77,504 1.2902
90 195.30 3.1399 2.6749 1.5612 75,439 1.3256
105 190.00 3.0547 2.5684 1.5243 73,647 1.3578
120 184.70 2.9695 2.4619 1.4862 71,796 1.3928
135 180.38 2.9000 2.3750 1.4541 70,238 1.4237
150 176.27 2.8339 2.2924 1.4227 68,713 1.4553
165 172.02 2.7656 2.2070 1.3893 67,091 1.4905
180 168.52 2.7093 2.1366 1.3611 65,722 1.5216
(iv) Stannic chloride = 12 x 10~2M Solvent flow-time = 68.74sec3i
0 280.80 4.0847 3.9559 1.9011 92,000 1.0869
15 253.04 3.6811 3.3514 1.7697 85,572 1.1686
30 240.52 3.4990 3.1237 1.7041 82,382 1.2138
45 229.83 3.3435 2.9294 1.6446 79,491 1.2580
60 220.00 3.2005 2.7506 1.5867 76,678 1.3041
75 212.09 3.0854 2.6067 1.5378 74,303 1.3958
90 204.58 2.9761 2.4701 1.4892 71,942 1.3900
105 198.06 2.8813 2.3516 1.4453 69,810 1.4324
120 191.82 2.7905 2.2381 1.4016 67,688 1.4774
135 187.12 2.7221 2.1526 1.3676 66,038 1.5143
150 182.20 2.6506 2.0632 1.3309 64,256 1.5563
165 177.64 2.5843 1.9802 1.2959 62,558 1.5985
180 173.91 2.5300 1.9125 1.2665 61,131 1.6358
EFFECT OF TEMPERATURE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8g/dl)
-2
IN-.. METHYLENE.- CHLORIDE= CON AT IN BIG 2.116M ACETIC ANHYDRIDE AND 6,0x10 M
FeCL,
j
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fiij. 7.2
TAELS 7.26
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (Q.8g/dl)
JLiV - • •X rnimcmm LIN-33TG- 2i 111M ACETIC ; AMHYDRIIE: .AT 20- '(I
(i) Ferric chloride =■ 2.0 x 10~2M Solvent flow-time = 50.49secs.
Time
(minutes)
Flow-time
(secs) ^rel W 0
1/M x 105 ' n
0 215.93 4.2766 4.0958 1.9576 107,918 0.9266
15 185.78 3.6599 3.2999 1.7553 93,570 1.0687
30 182.15 5.6072 3.2590 1.7436 92,755 1.0781
45 180.55 3.5759 3.2199 1.7324 91,977 1.0872
60 179.45 3.5542 3.1927 1.7245 91,429 1.0937
75 178.00 3.5254 3.1567 1.7139 90,694 1.1026
90 176.78 3.5013 3.1266 1.7050 90,079 1.1101
105 • 175.46 3.4751 3.0939 1.6952 ' 89,402 1.1185
120 174.18 3.4498 3.0622 1.6857 88,748 1.1268
135 172.74 3.4215 3.0266 1.6748 87,998 1.1364
150 171.85 3.4052 3.0040 1.6679 87,524 1.1425
165 170.97 5.3862 2.9862 1.6614 87,078 1.1483
180 170.01 3.3672 2.9590 1.6539 86,564 1.1552
(ii) Ferric chloride = 5.0 X 10~2M Solvent flow-time *= 53.82secs.
0 250.17 4.2767 4.0959 1.9576 107,918 0.9266
15 194.89 5.6211 3.2764 1.7486 93,103 1.0740
30 192.56 3.5778 3.2222 1.7330 92,019 1.0867
45 190.14 3.5329 5.1661 1.7169 90,902 1.1000
60 188.11 3.4952 3.1190 1.7028 89,927 1.1120
75 185.64 3.4493 3.0616 1.6855 88,734 1.1269
90 185.54 5.4102 3.0127 1.6706 87,709 1.1401
105 181.60 3.3742 2.9677 1.6566 86,749 1.1527
120 179.72 3.3393 2.9241 1.6430 85,819 1.1652
135 177.80 3.3036 2.8795 1.6288 84,850 1.1785
150 175.84 5.2672 2.8340 1.6141 83,850 1.1926
165 173.96 5.2522 2.7903 1.5999 82,887 1.2064
210 168.74 3.1353 2.6691 1.5593 80,147 1.2477
(iii) Ferric chloride = 4.0 x 10~2M Solvent flow-time * 50.49secs.
0 215.93 4.2766 4.0958 1.9576 107,918 0.9266
15 178.85 3.5419 3.1773 1.7199 91,110 1.0975
30 175.34 3.4728 3.0910 1.6944 89,347 1.1192
45 172.21 5.4108 3.0135 1.6708 87,723 1.1399
60 169.25 3.3517 2.9396 1.6478 86,147 1.1608
75 166.45 3.2967 2.8709 1.6261 84,666 1.1811
90 165.72 3.2426 2.8032 1.6041 83,171 1.2023
105 161.18 3.1923 2.7404 1.5833 81,764 1.2230
120 158.72 3.1436 2.6795 1.5628 80,382 1.2440
135 156.52 3.1000 2.6250 1.5441 79,126 1.2638
150 154.36 3.0572 2,5715 1.5254 77,875 1.2841
165 152.28 3.0160 2.5200 1.5072 76,662 1.3044
180 150.15 2.9734 2.4667 1.4879 75,381 1.3265
TABLE 7*26 c ont inue d
- —2{■iv)/.;: Ferric.* chloride,; = 6.Q. x.-.10u M, ; : Solvent flow-time = 53,82$ecs.t
Time
(minutes)
Flow-time 
(secs) \el V c
Mn 1/m x 105 ’ n
0 230.17 4.2767 4.0959 1.9576 107,918 0.9266
15 177.62 3.3003 2.8754 1.6275 84,762 1.1797
30 172.90 3.2126 2.7657 1.5917 82,331 1.2146
45 168.21 3.1254 2.6567 1.5550 79,858 1.2522
■' 60 164.35 3.0537 2.5671 1.5239 77,775 1.2857
75 160.32 2.9788 2.4735 1.49Q4 75,547 1.3236
90 156.76 2.9127 2.3909 1.4600 73,538 1.3598
105 153.11 2.8448 2.3060 1.4279 71,430 1.3999
120 150.49 2.7962 2.2452 1.4044 69,897 1.4306
135 147.21 2.7352 2.1690 1.3742 67,937 1.4719
150 144.70 2.6886 2.1107 1.3505 66,409 1.5058
165 142.10 2.6403 2.0504 1.3256 64,812 1.5429
180 139.79 2.5974 1.9967 1.3029 63,365 1.5781
TABLE 7.27
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
3*Sfc£00e
O
IN TETRACHLOROETHANE CONTAINING 2.116M ACETIC ANHYDRIDE AT 20°C
(i) Antimony pentachloride = 2.0 x 10“2M Solvent flo\7-tirae=53.823ecs.
Time Flow-time M M 1/M x 105
(minutes) (secs) rel sp n n
0 230.17 4.2767 4.0959 1.9576 107,918 0.9266
15 199.90 3.7159 3.3949 1.7818 95,422 1.0479
30 196.15 3.6445 3.3056 1.7569 93,682 1.0674
45 193.32 3.5920 3.2400 1.7582 92,380 1.0824
60 189.87 3.5279 3.1599 1.7149 90,764 1.1017
75 186.66 3.4682 5.0852 1.6926 89,223 1.1207
90 183.85 3.4160 3.0200 1.6728 87,860 1.1381
105 181.29 3.3684 2.9605 1.6544 86,599 1.1547
120 178.73 3.3209 2.9011 1.6557 85,321 1.1720
135 176.28 3.2754 2.8442 1.6174 84,074 1.1894
150 173.85 3.2302 2.7877 1.5990 82,286 1.2073
165 172.13 3.1982 2.7477 1.5858 81,933 1,2205
180 169.70 3.1531 2.6914 1.5669 80,658 1.2398
(ii) Antimony pentachloride = 3.0 x 10"2M Solvent flow-time=50.49secs*
0 215.93 4.2767 4.0959 1.9576 107,918 0.9266
15 187.01 3.7039 3.3799 1.7777 95,135 1.0511
30 180.87 3.5823 3.2279 1.7347 92,137 I.O853
45 175.00 3.4660 3.0825 1.6918 89,168 1.1214
60 169.63 3.3596 2.9495 1.6510 86,366 1.1578
75 165.32 3.2743 2.8429 1.6170 84,047 1.1898
90 160.70 3.I830 2.7287 1.5794 81,500 1.2269
105 156.67 3.1029 2.6286 1.5453 79,207 1.2625
120 152.96 3.0295 2.5369 1.5132 77,062 1.2976
135 149.48 2.9606 2.4507 1.4821 74,997 1.3333
150 146.23 2.8962 2.3702 1.4523 73,031 1.3692
165 143.30 2.8382 2.2977 1.4247 71,221 1.4040
180 140.41 2.7809 2.2261 1.3969 69,409 1.4407
TABLE 7*27 continued
—2
(iii) Antimony, pentachloride* 4*0x10 M Solvent flow-time* 50.49secs.
Time
(minutes)
Flow-time
(secs) \el v° M  ‘ Mn 1/M x ■10-' ' n
0 215.93 4.2767 4.0959 1.9576 107,918 0.926615 180.61 3.5771 3.2214 1.7328 92,005 1.0868
30 172.44 3.4153 3.0191 1.6725 87,840 1.1384
45 163.93 3.2468 2.8085 1.6058 83,287 1.2006
60 156.64 3.1024 2.6280 1.5451 79,193 1.2627
75 150.30 2.9768 2.4710 1.4895 75,487 1.3247
90 144.61 2.8641 2.3301 1.4371 72,033 1,3882
105 139.53 2.7635 2.2044 1.3883 68,851 1.4524
120 135.88 2.6912 2.1140 1.3519 66,499 1.5037
155 132.35 2.6213 2.0266 1.3156 64,175 1.5582
150. 128.82 2.5514 1.9392 1,2782 61,798 1.6181
165 125.72 2.4900 1.8625 1.2444 59,670 1.6758
180 122.50 2.4262 1.7827 1.2083 57,416 1.7416
(iv) Antimony pentachloride* 6.0x 10“2M Solvent flow-time* 53*82secs.
0 230.17 4.2767 4.0959 1.9576 107,918 0.9266
15 173.62 3.2259 2.7824 1.5973 82,711 1.2090
30 158.23 2.9400 2.4250 1.4727 74,375 1.3445
45 145.82 2.7094 2.1367 1.3611 67,092 1.4905
60 136.02 2.5273 1.9091 1.2651 60,971 1.6401
75 128.71 2.3915 1.7394 1.1882 56,170 1.7803
90 122.35 2.2733 1.5916 1.1174 51,833 1.9293
105 117.16 2.1769 1.4711 1.0566 48,176 2.0757
120 112.88 2.0974 1.37H I.OO43 45,081 2.2182
135 109.24 2.0297 1.2871 0.9582 42,394 2,3588
150 105.72 1.9643 1.2054 0.9122 39,752 2.5156
165 102.84 1,9108 1.1385 0.8733 37,550 2.6631
180 100.30 1.8636 1.0795 0,8382 35,588 2.8099
TABLE 7*28
EFFECT OF STANNIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8g/dl) 
IN TETRACHL0R0ETHA1TE CONTAINING 2.116M ACETIC ANHYDRIDE AT 20°C
_2
(i) Stannic chloride = 6.0 x 10 M Solvent flow-time* 50.49secs.
Time Flow-time , t) / c  [ill M 1/M x 10^
(minutes) (secs) rel 8* J
0 215.93 4.2767 4.0959 1.9576 107,918 0.9266
15 196.84 3,8987 3.6234 1.8428 99,717 1.0028
30 195.75 3.8770 3.5962 1.8357 99,215 1.0079
45 194.75 3.8572 3.5715 1.8293 98,763 1.0125
60 193.88 3.8400 3.5500 1.8236 98,360 1.0167
75 193.00 3.8227 3.5285 1.8179 97,958 1.0209
90 191.83 3.7994 3.4992 1.8101 97,409 1.0266
105 191.15 3.7859 3.4824 '1.8056 97,092 1.0299
120 190.47 3.7724 3.4655 1.8011 96,776 1.0333
135 189.99 3.7629 3.4536 1,7978 96,544 1.0358
165 187.62 3.7160 3.3950 1.7818 95,422 1.0480
210 185.00 3.6641 3.3301 I.7638 94,163 1.0620
TAJJbJii ( azo conxinuea
o
(ii) Stannic chloride = 8,0 x 10 M Solvent flow-time® 53*82secs.
Time
(minutes)
Flow-time 
(secs) ^rel C
O o
-
LtfJ ' : ftp . n t/Fx' 1' n
0 250.17 4.2767 4.0959 1.9576 107,918 0.9266
15 201.07 3.7360 3.4200 1.7887 95,906 1.0427
30 199.73 3.7111 3.3889 1.7802 95,310 1.0492
45 198.43 3.6869 3.3586 1.7717 94,715 1.0558
60 196.59 3.6527 3.3159 1.7598 93,884 1.0651
75 195.00 3.6232 3.2790 1.7494 93,159 1.0734
90 193.34 3.5923 3.2404 1.7383 92,387 1.0824
105 192.04 3.5682 3.2102 1.7296 91,783 1.0895
120 190.85 3.5461 3.1826 1.7215 91,221 1.0962
135 I89.89 3.5282 3.1602 1.7150 90,771 1.1017
150 189.00 3.5117 3.1396 1,7089 90,349 1.1068
165 186.35 3.4625 3.0781 1.6905 89,078 1.1226
210 183.14 3.4028 3.0035 1.6677 87,510 1.1427
(iii) Stannic chloride = 10 x 10”2M Solvent flow-time® 50.49secs
0 215.90 4.2767 4.0959 1.9576 107,918 O .9266
15 183.78 3.6399 3.2999 1.7553 93,570 1.0687
30 181.45 3.5938 3.2422 1.7388 92,422 1.0820
45 180.03 3.5656 3.2070 1.7286 91,713 1.0903
60 178.73 3.5399 3.1749 1.7193 91,068 1.0981
75 177.02 3.5060 3.1325 1.7068 90,203 1.1086
90 174.72 3.4605 3.0756 1.6897 89,023 1.1233
105 172.95 3.4254 3.0317 1.6764 88,108 1.1350
120 171.35 3.3937 2.9921 1.6642 87,270 1.1459
135 170.06 3.3682 2.9602 1.6543 86,592 1.1548
150 167.89 3.3252 2.9065 1.6374 85,437 1.1704
180 164.94 3.2668 2.8335 1.6140 83,843 1.1927
240 159.63 3.1616 2.7020 1.5704 80,894 1.2362
(iv) Stannic chloride*= 12.0 x io”2m Solvent flow-time® 53*82secs,
0 230.17 4.2767 4.0959 1.9576 107,918 0.9266
15 190.38 3.5373 3.1716 1.7183 90,999 1.0989
30 187.33 3.4807 3.1009 1.6974 89,554 1.1166
45 184.02 3.4192 3.0240 1.6740 87,943 1.1371
60 181.30 3.3686 2.9607 1.6544 86,599 1.1547
75 178.33 3.3134 2.8917 1.6327 85,116 1.1749
90 175.55 3.2618 2.8272 1.6119 83,701 1.1947
105 173.27 3.2194 ■2.7742 1.5945 82,521 1.2118
120 170.89 3.1752 2.7190 1.5762 81,284 1.2302
135 168.69 3.1343 2.6679 1.5589 80,120 1.2481
150 166.54 3.0944 2.6180 1.5417 78,965 1.2664
180 162.50 3.0193 2.5241 1.5086 76,755 1.3028
240 ' 155.66 2.8922 2.3652 1.4504 72,906 1.3716
TABLE 7.29
EFFECT OF TELLURIUM TETRACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
(0.8g/dl) IN TETRACHLOROETHANE CONTAINING 2.116M ACETIC ANHYDRITE AT 2Q°C
—2
(i) Tellurium tetrachloride* 6.0x10 M Solvent flow-time* 50.49secs.
Time
(minutes)
Flow-time 
(secs) W ' V c
Mn 1/M x -10?-
0 215.92 4.2767 4.0959 1.9576 107,918 0.9266
15 212.21 4.2030 4.0037 1.9363 106,385 O.94OO
30 211.85 4.1959 3.9949 1.9343 106,241 0.9412
60 211.17 4.1824 3.9780 1.9303 105,954 0.9438
90 210.62 4.1715 3.9644 1.9271 105,725 0.9458
120 210.01 4.1594 3.9492 1.9235 105,466 0.9482
150 209.57 4.1507 3.9384 1.9209 105,280 0.9498
180 209.07 4.1408 3.9260 1.9180 105,072 0.9517
240 208.23 4.1241 3.9051 1.9130 104,714 0.9550
(ii) Tellurium tetrachloride* 8.0x10~2M Solvent flow-time* 53*82secs.
0 230.17 4.2767 4.0959 1.9576 107,918 0.9266
15 224.97 4.1800 3.9750 1.9296 105,904 0.9442
30 224.01 4.1622 3.9527 1.9243 105,524 .0.9476
60 223.07 4.1447 3.9309 1.9192 105,158 0.9509
90 222.14 4.1275 3.9094 1.9140 104,786 0.9543
120 221.29 4.1117 3.8896 1.9092 104,442 0.9545
150 220.37 4.0946 3.8682 1.9041 104,077 O.96O8
180 219.51 4.0786 3.8481 1.8992 103,727 0.9641
240 218.33 4.0567 3.8209 1.8926 103,256 O.9685
(iii) Tellurium tetrachloride*= 10.0x10“2M Solvent flow-time* 50.49secs.
0 215.92 4.2767 4.0959 1.9576 107,918 0.9266
15 210.00 4.1592 3.9490 1.9235 105,466 0.9482
30 209.21 4.1436 3.9295 1.9188 105,129 0.9512
6p 208.42 4.1279 3.9099 1.9141 104,793 0.9543
90 207.54 4.1105 3.8881 1.9089 104,421 0.9577
120 206.66 4.0931 3.8664 1.9037 104,049 0.9611
150 205.86 4.0770 3.8462 1.8987 103,691 0.9644
180 205.12 4.0626 3.8282 1.8943 103,377 0.9673
240 203.70 4.0345 3.7931 1.8857 102,764 0.9731
(iv) Tellurium tetrachloride* 12.0x10“2M Solvent flow-time* 53.82secs.
0 230.17 4.2767 4.0959 1.9576 107,918 0.9266
15 223.83 4.1589 3.9486 1.9234 105,459 0.9482
30 222.73 4.1384 3.9230 1.9173 105,022 0.9522
60 221.52 4.1159 3.8949 1.9105 104,535 0.9566
90 220.35 4.0942 3.8677 1.9040 104,070 0.9609
120 219.27 4.0741 3.8426 1.8979 103,634 0.9649
150 218.23 4.0548 3.8185 3.8920 103,213 O .9689 '
180 217.23 4.0362 3.7952 1.8862 102,799 0.9728
240 215.60 4.0059 3.7574 1.8768 102,130 0.9791
TABLE 7.30
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8g/dl)
IN TETRACHLOROETEAFE CONTAINING 2.116M ACETIC ANHYDRIDE AT 30 C
- 2,(i) Ferric chloride =2,0 x 10 M Solvent flow-time= 45*90secs.
Time
(minutes)
Flow-time
(secs) ^rel v °
1n 1/Mn x 10?
0 165.44 5.5600 3.1998 1.7265 96,000 1.0417
15 159.40 3.4728 3.0910 1.6944 93,665 1.0676
30 154.83 3.3732 2.9665 1.6565 90,965 1.0993
45 150.80 3.2854 2.8567 1.6215 88,517 1.1297
60 147.25 5.2080 2 . 76OO 1.5899 86,507 1.1586
75 144.13 3.1407 2.6751 1.5615 84,317 1.1860
90 141.04 3.0747 2.5934 1.5331 82,566 1.2141
105 158.90 5.0261 2.5526 1.5117 80,891 1.2562
120 135.38 2.9495 2.4369 1.4770 78,513 1.2756
135 133.67 2.9122 2.5902 1.4597 77,334 1.2950
150 131.71 2.8695 2.5369 1.4397 75,975 1.5162
165 129.50 2.8214 2.2767 1.4166 74,412 1.3438
180 127.64 2.7808 2.2260 1.3968 73,079 1.3685
(ii) Ferric chloride ■ 5*0 X 10~2M Solvent flow-time= 65.02secs.
0 224.30 5.5600 3.1998 1.7265 96,000 1.0417
15 210.71 3.3435 2.9294 1.6446 90,141 1.1093
30 201.59 5.1988 2.7485 1.5860 86,055 1.1625
45 192.37 3.0525 2.5656 1.5234 81,697 1.2240
60 184.33 2.9249 2.4061 1.4657 77,742 1.2865
75 177.55 2.8174 2.2717 1.4147 74,284 1.5462
90 171.90 2.7277 2.1596 1.3704 71,309 1.4025
105 166.09 2.6555 2.0444 1.5231 68,162 1.4670
120 161.54 2.5653 1.9541 1.2847 65,651 1.5256
135 157.56 2.5002 1.8752 1.2501 65,369 1.5780
150 153.98 2.4434 1.8042 1.2181 61,292 1.6515
165 150.60 2.3897 1.7371 1.1872 59,302 1.6862
180 146.86 2.3304 1.6650 1.1521 57,059 1.7525
(iii) Ferric chloride *  4 .0  x 10"2M Solvent flow-time = 65.02secs.
0 224.30 5.5600 3.1998 1.7265 96,000 1.0417
15 204.46 5.2412 2.8015 1.6055 87,257 1.1460
30 193.13 5.0646 2.5807 1.5287 82,062 1.2185
45 181.65 2.8821 2.5526 1.4456 76,375 1.3093
60 173.44 2.7521 2.1901 1.5826 72,126 1.5864
75 165.48 2.6258 2.0522 1.3179 67,818 1.4745
90 159.30 2.5278 1.9097 1.2653 64,360 1.5537
105 153.52 2.4365 1.7952 1.2140 61,027 1.6586
120 149.43 2.5712 1.7140 1.1763 58,605 1.7065
135 144.74 2.2967 1.6209 1.1517 55,764 1.7932
150 141.00 2.2574 1.5467 1.0950 53,451 1.8708
165 157.66 2.1844 1.4805 1.0614 51,353 1.9473
180 134.77 2.1585 1.4251 1.0516 49,508 2.0198
TABLE 7*30 continued
_2
(iv). Ferric chloride = 6.0 x 10 M Solvent flow-time= 88.04secs*
Time
(minutes)
Flow-time
(secs) v V c
[ n ] Mn 1/M x 10^ ' n
0 313.49 3.5600 3.1998 1.7265 96,000 1.0417
15 263.28 2.9905 2.4881 1.4957 79,793 1.2532
30 242.47 2.7541 2.1926 1.3836 72,193 1.3852
45 224.35 2.5483 1.9354 1.2766 65,100 1.5360
- 60 209.45 2.3790 1.7237 1.1809 58,898 1.6978
75 197.22 2.2401 1.5501 1.0967 53,558 1.8671
90 188.48 2.1408 1.4260 1.0331 49,600 2.0161
105 180.89 2.0546 1.3182 0.9753 46,064 2.1708
120 173.95 1.9758 1.2197 0.9203 42,753 2.3390
135 169.04 1.9200 1.1500 0.8801 40,369 2.4771
150 163.70 1.8594 1.0742 0.8350 37,731 2.6503
165 159.37 1.8102 1.0127 0.7974 35,562 2.8119
180 155.78 1.7694 0.9617 0.7654 33,739 2.9639
TABLE 7.31
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
"5"*33CO•0 IN TETRACHLOROETHANE CONTAINING 2.116M ACETIC ANHYDRIDE AT 30°C
(i) Antimony pentachloride * 2.0x10”2M Solvent flow-time= 42.94secs.
Time Flow-time T] w M 1/M x 105
(minutes) (secs) rel 8p n n
0 152.86 3.5599 3.1998 1.7265 96,000 1.0417
15 138.31 3.2210 2.7762 1.5952 86,677 1.1537
30 130.23 3.0328 2.5410 1.5147 81,098 1.2330
45 123.93 2.8861 2.3576 1.4475 76,504 1.3071
60 119.03 2.7720 2.2150 1.3925 72,790 1.3738 .
75 114.36 2.6633 2.0791 1.3375 69,117 1.4468
90 110.29 2.5985 1.9981 1.3035 66,868 1.4954
105 106.71 2.4851 1.8564 1.2417 62,822 1.5917
120 103.81 2.4176 1.7720 1.2034 60,343 1.6571
135 101.27 2.3584 1.6980 1.1688 58,123 1.7204
150 98.74 2.2995 1.6244 1.1334 55,871 1.7898 c
165 96.07 2.2513 1.5641 1.1037 53,997 1.8519
180 94.62 2.2035 1.5044 1.0737 52,119 1.9186
(ii) Antimony pentachloride » 3.0x 10~2M Solvent flow-time- 45.90secs.
0 163.44 3.5600 3.1998 1.7265 96, 000 1.0417
15 142.25 3.0991 2.6239 1.5437 83,098 1.2033
30 129.51 2.8216 2.2770 1.4167 74,419 1.3437
45- 120.45 2.6242 2.0302 1.3171 67,765 1.4756
60 113.06 2.4632 1.8290 1.2294 62,024 1.6122
75 107.21 2.3357 1.6696 1.1552 57,256 1.7465
90 102.63 2.2359 1.5449 1.0941 53,395 1.8728
105 98.43 2.1444 1*4305 1,0355 49,749 2.0100
120 95.02 2.0702 1.3377 0.9860 46,714 2.1406
135 92.02 2.0048 1.2560 0.9409 43,987 2.2733
150 89.64 1.9529 1.1911 0.9040 41,783 2.3933
165 87.22 1.9002 1.1252 0.8655 39,510 2.5310
180 85.20 1.8562 1.0702 0.8326 37,591 2.6602
TABLE 7*31 continued
—2
(iii). Antimony pentachloride= 4*0x10 M Solvent fiow-time= 45.90secs.
Time
(minutes)
Flow-time 
(secs) \el V° 1—
1
1-
( 1
M ..n 1/f'x 10; ' / n
0 163.44 3.5600 3.199s 1.7265 96,000 1.0417
15 136.67 2.9776 2.4720 1.4899 79,396 1.2595
30 122.17 2.6617 2.0771 1.3367 69,064 1.4479
45 111.28 2.4244 1.7805 1.2073 60,595 1.6503
60 104.07 2.2673 1.5841 1.1136 54,620 1.8308
75 97.67 2.1279 1.4098 1.0246 49,077 2.0376
90 92.73 2.0203 1.2754 0.9517 44,637 2.2402
105 . 88.76 1.9338 1.1672 0.8901 40,959 2.4414
120 85.49 1.8625 1.0781 O.8374 37,870 2.6406
135 82.65 1.8007 1.0009 0.7900 35,138 2.8459
150 . 80.26 1.7486 0.9357 0.7528 33,027 3.0278
165 77.97 1.6987 0.8734 0.7084 30,545 3.2738
180 76.37 1.6638 0.8297 0,6794 28,948 3.4544
(iv) Antimony pentachloride= 6.0x 10"2M Solvent flow-time=42.94secs.
0 152.86 3.5599 3.1998 1.7265 96,000 1.0417
15 114.15 2.6584 2.0730 1.3350 68,951 1.4503
30 95.87 2.2327 1.5409 1.0921 53,269 1.8772
45 85.41 1.9891 1.2364 0.9298 43,321 2.3083
60 79.03 1.8405 1.0506 0.8207 36,902 2.7098
75 74.21 1.7282 0.9102 0.7324 31,881 3.1366
90 70.41 1.6397 0.7996 0.6591 27,842 3.5916
105 67.41 1.5699 0.7124 0.5987 24,607 4.0638
120 65.25 1.5196 0.6495 0.5536 22,252 4.4939
135 63.30 1.4741 0.5926 0.5117 20,111 4.9724
150 61.81 1.4395 0.5494 0.4792 18,485 5.4097
165 60.41 1.4068 0.5085 0.4478 16,944 5.9017
180 59.45 1.3845 0.4806 0.4260 15,891 6.2923
TABLE 7.32
EFFECT OF STANNIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8g/dl)
IN TETRACHLOROETHANE CONTAINING 2.116M ACETIC! ANHYDRIDE e? 'OJ 0 0 0
(i) Stannic chloride = 6.0 x 10”2M Solvent 0 =? c*“ B* CD = 42.94secs.
Time Flow-time 1—
1 3^ 
c~
j
M 1/M x 105
(minutes) (secs) rei STJ n
0 152.86 3.5599 3.1998 1.7265 96,000 1.0417
15 150.12 3.4960 3.1200 1.7031 94,281 1,0606
30 145.75 3.3943 2,9929 1.6645 91,544 1.0923
45 143.66 3.3456 2,9320 1.6455 90,204 1,1085
60 141.77 3.3016 2.8770 1.6280 88,973 1.1239
75 139.65 3.2522 2.8151 1.6080 87,571 1.1419
90 137.85 3.2103 2.7629 1.5908 86,370 1.1578
105 136.37 3.1758 2.7197 1.5764 85,366 1.1714
120 134*52 3.1325 2.6656 1,5581 84,095 1*1891
135 132.86 3.0941 2.6176 1.5415 82,946 1.2056
150 131.21 3.0556 2.5695 1,5247 81,786 1.2227
165 130.01 3.0277 2.5346 1.5124 80,939 1.2354
180 128.48 2.9921 2.4901 1.4964 79,841 1.2524
TABLE 7.32 continued
o
(ii) Stannic chloride = 8.0 x 10 M Solvent flow-time® 45*90secs.
Time Flow-time T)BJ C [t)] M" i/M" X 10
(mintes) (secs) rei Bp n n
0 163.44 3.5600 3.1998 1.7265 96,000 1.0417
15 159.28 3.4701 3.O876 1.6933 93,585 1.0685
30 155.09 3.3789 2.9736 1.6585 91,121 1.0974
45 151.56 3.3020 2.8775 1.6281 88,980 1.1238
60 148.20 3.2288 2.7860 1.5984 86,900 1.1507
75 145.53 3.1706 2.7132 1.5742 85,213 1.1735
90 142.32 3.1007 2.6258 1.5444 83,146 1.2027
105 140.10 3.0523 2.5654 1.5233 81,690 1.2241
120 137.65 2.9989 2.4986 1.4995 80,053 1.2491
135 135.19 2.9453 2.4316 1.4751 78,384 1.2757
150 132.91 2.8956 2.3695 1.4520 76,810 1.3019
165 130.72 2.8479 2.3099 1.4294 75,277 1.3284
180 129.03 2.8111 2.2639 1.4117 74,082 1.3498
(iii) Stannic chloride * 10.0 x 10“2M Solvent flow-time® 42.94secs.
0 152.86 3.5599 3.1998 1.7265 96,000 1.0417
15 129.82 3.0233 2.5291 1.5104 80,802 1.2375
30 124.92 2.9092 2.3865 1.4584 77,245 1.2945
45 121.12 2.8207 2.2759 1.4163 , 74,392 1.3442
60 117.79 2.7431 2.1789 1.3781 71,824 1.3923
75 114.18 2.6591 2.0739 1.3354 68,977 1.4497
90 111.09 2.5871 1.9839 1.2975 66,472 1.5043
105 108.62 2.5296 1.9120 1.2663 64,426 1.5521
120 106.26 2.4746 1.8432 1.2358 62,439 1.6015
135 104.03 2.4227 1.7784 1.2063 60,530 1.6520
150 102.23 2.3808 1.7260 1.1820 58,968 1.6958
165 100.25 2.3347 1 * 6684 1.1547 57,224 1.7475
180 98. 96 2.3046 1.6307 1.1365 56,068 1.7835
(iv) Stannic chloride ® 12.0 x 10~2M Solvent flow-time® 45.90secs.
0 163.44 3.5600 3.1998 1.7265 96,000 1.0417
15 157.01 3.4207 3.0261 1.6747 92,266 1.0838
30 149.26 3.251S 2.8147 1.6078 87,557 1.1421
45 142,99 3.1153 2.6441 1.5507 83,582 1,1964
60 137.05 2.9858 2.4822 1.4936 79,649 1.2555
75 132.18 2.8797 2.3496 1.4445 76,301 1.3105
90 128.40 2.7974 2.2467 1.4049 73,624 1.3582
105 124.65 2.7157 2.1446 1.3643 70,901 1.4104
120 120.90 2.6340 2.0425 1.3223 68109 1.4682
135 117.75 2.5654 1.9567 1.2858 65,703 1.5220
150 115.09 2.5074 1.8842 1.2541 63,629 1.5716
165 • 112.48 2.4505 1.8131 1.2222 61,557 1.6245
180 110.06 2.3978 1.7472 1.1919 59,604 1.6777
TABLE 7*33
EFFECT of tellurium tetrachlqbile- on degradation of cellulose triacetate
(i) Tellurium tetrachloride= 6.0x10“2M Solvent floW“time= 45«90secs.
Time
(minutes)
Flow~time
(secs) \el V 0 W Mn 1 / M  x  1 0 ?' n
0 163.44 3.5600 3.1998 1.7265 96,000 1.0417
15 175.11 3.8150 3.5187 1 . 8 1 5 3 102,335 0.9771
30 174.39 3.7993 3.4991 1.8101 101,959 0.9807
45 173.73 3.7849 3.4811 1.8053 101,611 0.9841
75 173.20 3.7734 3.4667 1.8014 101,330 0.9868
105 172.56 3.7595 3.4494 1.7967 10,0990 0.9901
135 172.09 3.7492 3.4365 1.7932 10,0737 0.9926
165 171.62 3.7390 3.4237 1.7897 10^0485 0.9951
195 171.08 3.7272 3.4090 1.7857 100,196 0.9980
(ii) Tellurium tetrachloride^ 8 . 0 x 1 0 “ 2 M Solvent flow-time= 42.94secs.
0 152.86 3.5599 3.1998 1.7265 96,000 1.0417
15 165.96 3.8649 3.5811 1.8318 103,532 0.9658
30 165.11 3.8451 3.5564 1.8253 103,060 0.9705
45 164.46 3.8300 3.5375 1.8203 102,698 0.9737
75 163.26 3.8020 3.5026 1.8110 102,024 0.9801
105 162.49 3.7841 3.4801 1.8050 101,590 0.9843
135 161.63 3.7641 3.4551 1.7982 101,098 0.9010
165 160.78 3.7443 3.4304 1.7915 100,615 0.9938
195 160.11 3.7287 3.4109 1.7862 100,232 0.9976
(iii) Tellurium tetrachloride’=  1 0 . 0 x 1 0 ~ 2 M Solvent flow-time= 42.94secs.
0 152.86 3.5599 3.1998 1.7265 96,000 1,0417
15 169.19 3.9401 3.6751 1.8561 105,300 0.9496
30 168.11 3.9150 3.6437 1.8480 104,710 0.9550
45 167.30 3.8961 3.6201 1.8419 104,266 0.9590
75 166.04 3.8668 3.5835 1.8324 103,575 0.9654
105 164.65 3.8344 3.5430 1.8218 102,806 0.9727
135 163.09 3.7981 3.4976 1.8097 101,930 0.9810
165 161.65 3.7645 3.4556 1.7984 101,113 0.9889
195 160.46 3.7368 3.4210 1.7890 100,434 0.9956
(iv) Tellurium tetrachloride= 1 2 . 0 x 1 0 “ 2 M Solvent flow-time= 45.90secs.
0 163.44 3.5600 3.1998 1.7265 96,000 1 . 0 4 1 7
15 184.96 4.0296 3.7870 1.8842 107,353 0,9315
30 183.25 3.9924 3.7405 1.8726 106,504 0.9389
45 181.74 3.9595 3.6994 1.8623 105,752 0.9456
75 178.89 3.8974 3.6217 1.8423 104,295 0,9588
105 175.96 3.8335 3.5419 1.8215 102,785 0.9729
135 173.49 3.7797 3.4746 ^ 1.8035 101,481 0,9854
165 171.63 3.7392 3.4240 1.7898 100,492 0.9951
210 168.47 3.6704 3.3380 1.7660 98,778 1.0123
TABLE 7.34
EFFECT OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (Q.8g/dl)
IK"TETRAGHLORGETrfAKE: CONTA3FUFC 2 ; 116M ACETIC' AMYLRTHS ■ AT' 40^ C"'v
(i) Ferric chloride == 2.0 x 10“,2m Solvent flow-time= 75*85secs.
Time
(minutes)
Flow-time 
(secs) \el V c
Mn 1/M x 10? ' n
0 248.46 3.2762 2.8452 1.6177 96,043 1.0412
15 217.46 2.8670 2.3337 1.4385 82,373 1.2140
30 193.94 2.5569 1.9461 1.2812 70,798 1.4125
45 177.66 2.3422 1.6777 1.1591 62,107 1.6101
60 165.48 2.1817 1.4771 1.0597 55,236 1.8104
75 158.03 2.0834 1.3542 0.9949 50,861 1.9661
90 150.59 1.9854 1.2317 0.9272 46,383 2.1560
105 145.35 1.9163 1.1454 0.8774. 43,153 2.3173
120 140.05 1.8464 1.0580 0.8252 39,826 2.5109
135 136.22 1.7959 0.9949 0.7863 37,389 2.6746
150 132.18 1.7426 0,9282 0.7440 34,781 2.8751
165 129.01 1.7008 0.8760 0.7101 32,723 3.0560
180 126.37 1.6660 0.8325 0.6813 30,999 3.2259
(ii) Ferric chloride = 3*0 X 10’"2m Solvent flow-time= 89»89secs.
0 294.60 3.2762 2.8A52 1,6177 96,043 1.0412
15 233.52 2.5956 1.9945 1.3020 72,304 1.3830
• 30 204.06 2.2701 1.5876 1.1154 59,063 1.6931
45 184.31 2.0504 1.3130 0.9725 49,369 2.0256
60 169.62 1.8870 1.1087 0.8557 41,762 2.3945
75 160.09 1.7809 0.9761 0.7745 36,657 2.7280
90 152.03 1.6913 0.8641 0.7023 32,254 3.1004
105 146.05 1.6248 0.7810 O.6465 28,945 3.4548
120 141.05 1.5689 0.7111 0.5977 26,121 3.8283
135 137.11 1.5253 O .6566 0.5588 23,921 4.1804
150 133.68 1.4871 0.6089 0.5238 21,981 4.5494
165 130.81 1.4552 O.569O 0.4940 20,360 4.9116
180 128.31 1.4274 0.5342 O .4676 18,949 5.2773
(iii) Ferric chloride X
0•n 10'"2m Solvent flow~time= 75.85secs.
0 248.46 3.2762 2.8452 1.6177 96,043 1.0412
15 188.96 2.4912 1.8640 1.2451 68,200 1.4663
30 159.25 2.0995 1.3744 1.0058 51,591 1.9383
45 142.48 1.8784 1.0980 . 0.8493 41,354 2.4181
60 131.44 1.7329 0.9161 0.7362 34,305 2.9150
75 123.89 1.6333 0.7916 O .6536 29,361 3.4059
90 117.84 1.5536 0.6920 0,5842 25,352 3.9445
105 113.13 1.4915 0.6144 0.5279 22,206 4.5633
120 109.63 1.4453 O .5566 0.4847 19,860 5.0352
135 106.81 1.4082 0.5102 0.4491 17,974 5.5636
150 104.71 1.3805 0.4756 0.4221 16,575 6.0332
165 102.37 1.3496 0.4370 0.3914 15,016 6,6596
180 IOO.32 1.3226 0.4032 0.3641 13,661 7.3201
TABLE 7*34 continued 
(iv) Ferric chloride = 6.0 x -2 10 M Solvent flow-time= 89.89secs.
Time Flow-time —
)
M 1/M x
(minutes) (secs) rel Spr n n
0 294*60 3.2762 2.8452 1.6177 96,043 1.0412
15 200.31 2.2284 1.5355 1.0894 57,269 1.7461
30 164*69 1.8321 1.0401 0.8142 39,134 2.5553
45 146.69 1.6319 0.7899 O .6525 29,296 3.4134
60 136.05 1*5135 0.6419 0.5481 23,312 4.2896
75 128.41 1.4285 0.5356 0.4687 19,007 5.2612
90 123.52 1.3741 0.4676 0.4157 16,247 6.1550
105 . 119*81 1.3328 0.4160 0.3744 14,169 7.0577
120 116.59 1.2970 0.3712 0.3378 12,386 8.0736
135 114*36 1.2722 0.3402 0.3119 11,159 8.9614
150 112.43 1.2507 0.3134 0.2892 10,109 9.8922
165 110.97 1.2345 0.2931 0.2718 9,321 10.7280
180 109.81 1.2216 0.2770 0.2579 8,702 11.4916
TABLE 7.35
EFFECT OF ANTIMONY PENTACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
(0.8^/dl) IN TETRACHLOROETETANE CONTAINING 2.116M ACETIC ANHYDRIDE AT 40°C
(i) Antimony pentachloride^ 2,,0x10“2M Solvent flow-time= 75*42secs.
Time Flow-time [n] M 1/M x 105
(mintes) (secs) rel sp n n
0 248.46 3.2762 2.8452 1.6177 96,043 1.0412
15 225*18 2.9856 2.4820 1.4933 86,516 1.1559
30 209.66 2.7799 2.2249 1.3964 79,235 1.2621
45 198.06 2.6261 2.0326 1.3181 73,476 1.3610 .
60 187.09 2.4806 1.8507 1.2391 67,771 1.4756
75 181.24 2.4031 1.7539 1.1950 64,634 1.5472
90 173*80 2.3044 1.6305 1.1364 60,521 1.6523
105 165*82 2.1986 1.4982 1.0705 55,973 1.7866
120 160.35 2.1261 1.4076 1.0234 52,774 1,8949
135 155*93 2.0675 1.3344 0.9842 50,147 1.9941
150 151*38 2.0072 1.2590 0.9425 47,387 2.1103
165 148.08 1.9634 1.2042 0.9115 45,359 2.2046
180 144*82 1.9202 1.1502 0.8802 43,333 2.3077
—2(ii) Antimony pentachloride= 3*0x10 M Solvent flow-time= 89.22secs.
0 294*60 3.2762 2.8452 1.6177 96,043 1.0412
15 246.85 2.7667 2.2084 1.3899 78,753 I.2698
30 219.63 2.4617 1.8271 1.2285 67,018 1.4922
45 203.10 2.2764 1.5955 1.1193 59,333 1.6854
60 188.76 2.1157 1.3946 1.0165 52,310 1.9116
75 178.33 1.9988 1.2485 0.9366 46,999 2,1277
90 169*75 1.9026 1.1282 0,8673 42,504 2.3527
105 163*35 1.8308 1.0385 0.8133 39,077 2.5590
120 157*77 1.7683 O.96O4 0.7646 36,046 2.7742
135 153*22 1.7173 O .8966 0.7236 33,539 2.9816
150 149*11 1.6713 0.8391 O.6857 31,261 3.1988
165 145*76 1.6337 0.7921 0.6539 29,379 3.4037
180 142.68 1.5992 0.7490 0.6243 27,652 3.6163
TABLE 7.35 continuea
—2(iii) Antimony pentachloride= 4*0x10 M Solvent flow-time= 75*42secs.
Time
(minutes)
Flow-time 
(secs) \el % / b "
p » r ATn 1/If"'x' 10-* '' n
0 247*10 3.2762 2.8452 1.6177 96,043 1.0412
15 187*60 2.4874 1.8592 1.2429 68.043 1.4696
30 162•66 2.1567 1.4459 1.0435 54,134 1.8472
45 146.14 1.9377 1.1721 0.8930 44,159 2.2645
60 135*19 1.7925 O .9906 0.7836 37,222 2.6865
75 127.40 1.6892 O.8615 0.7006 32,152 3.1102
90 121.34 1.6088 O.76IO 0.6326 28,134 3.5544
105 •116,83 1.5490 0.6862 O.58OO 25,114 3.9818
120 112.97 1.4979 0.6224 0.5338 22,531 4.4383
135 110.02 1.4587 0.5734 0.4974 20,543 4.8678
150 107.20 1.4214 0.5267 0.4618 18,642 5.3578
165 105.29 1.3960 0.4950 0.4373 17,359 5.7607
180 103.40 1.3710 0.4637 0.4127 16,094 6.2134
(iv) Antimony pentachloride= 6.0x 10“2M Solvent flow-time= 89*22secs.
0 292.36 3.2762 2.8452 1.6177 96,043 1.0412
15 194.47 2.1797 1.4746 1.0584 55,147 1.8133
30 160.20 1.7955 0.9944 O.786O 37,371 2.6758
45 143.01 1.6029 0.7536 0.6275 27,833 3.5929
60 133.05 1.4912 0.6140 0.5276 22,189 4.506?
75 125.50 1.4066 0.5082 0.4475 17,891 5-5894
90 120.64 1.3522 0.4402 0.3940 15,147 6.6019
105 117.10 1.3125 0.3906 0.3537 13,153 7.6028
120 114.43 1.2825 0.3531 O .3227 11,667 8.5711
135 112.09 1.2563 0,3204 O .2952 103.84 9.6302
150 110.33 1.2366 0.2957 0.2741 9,424 10.6112
165 108.64 1.2199 0,2749 O .2561 8,623 11.5968
180 107.47 1.2045 0.2556 0.2393 7,891 12.6726
TABLE 7.36
EFFECT OF STANNIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8g/dl)
IN TETRACHLOROETHANE CONTAINING 2.116M ACETIC ANHYDRIDE AT 40°G
(i) Stannic chloride = 6.0 x 10~2M Solvent flow-time= 54*30secs.
Time
(minutes)
Flow-time
(secs) Vel V /o [n] V 1/S x 105
0 177.91 3.2762 2.8452 1.6177 96,043 1.0412
15 172.92 3.1845 2.7306 1.5800 93,126 1.0738
30 166.01 3.0573 2.5716 1.5255 88,948 1.1242
45 160.87 2,9626 2.4532 1,4830 85,721 1.1666
60 155.61 2.8657 2.3321 1.4379 82,528 1.2146
75 152.56 2.8096 2,2620 1.4109 80,313 1.2451
90 148,84. 2.7411 2.1764 1.3771 77,806 1.2852
105 145.22 2.6744 2.0930 1.3433 75,318 1.3277
120 142.22 2.6191 2.0239 1.3145 73,213 1.3659 •
135 139.67 2.5722 1.9652 1.2894 71,391 1.4007
150 137.02 2.5234 1.9042 1.2629 69,478 1.4393
165 135.04 2.4869 1.8586 1.2427 68,028 1.4700
180 133.56 2.4597 1.8246 1.2274 66,935 . 1.4940
TABLE 7*36 continued
_2
(ii) Stannic chloride = 8.0 x 10 M Solvent flow-time*= 75*85secs.
Time
(minutes)
Flow-time 
(secs) "rel V °
[1] M . n 1/M x 1 ' n
0 248.46 3.2762 2.8452 1.6177 96,043 1.0412
15 236.68 3.1203 2.6504 1.5529 91,043 1.0984
30 224.15 2.9552 2.4440 1.4797 85,472 1.1699
45 214.20 2.8240 2.2800 1.4179 80,834 1.2371
60 206.89 2.7276 2.1595 1.3703 77,304 1.2936
75 198.81 2.6211 2.0264 1.3155 73,286 1.3645
90 192.73 2.5409 1.9261 1.2725 70,170 1.4251
105 186.69 2.4613 1.8266 1.2283 66,999 1.4926
120 181.06 2.3871 1.7339 1.1857 63,977 1.5631
135 176.58 2.3280 1.6600 1.1506 61,512 1.6257
150 172.16 2.2697 1.5871 1.1151 59,042 1.6937
180 166.91 2.2005 1.5006 1.0717 56,055 1.7840
(iii) Stannic chloride =10.0 x 10”2M Solvent flow-time= 75*85secs
0 248.46 3.2762 2.8452 1.6177 96,043 1.0412
15 228.89 3.0177 2.5221 1.5079 87,608 1.1415
30 211.26 2.7852 2.2315 1.3990 79,428 1.2590
45 197.58 2.6049 2.0061 1.3069 72,660 1.3763
60 185.33 2.4434 1.8042 1,2181 66,273 1.5089
75 178.10 2.3480 1.6850 1.1626 62,352 1.6038
90 170.40 2.2465 1.5581 1.1007 58,047 1.7227
105 164.77 2.1723 1.4654 1.0537 54,827 1.8239
120 159.49 2.1027 1.3784 1.0079 51,732 1.9330
135 154.97 2.0431 1.3039 0.9675 49,037 2.0393
150 151.44 1.9966 1.2457 0.9351 46,901 2,1321
165 147.64 1.9465 1.1831 O .8993 44,567 2.2538
180 144.75 1.9084 1.1355 0.8716 42,780 2.3375
(iv) Stannic chloride = 12.0 x -210 M Solvent flow-time= 89,89secs-
0 294.60 3.2762 2.8452 1.6177 96,043 1.0412
15 268.33 2.9851 2.4814 1.4933 86,501 1.1560
30 241.15 2.6867 2.1084 1.3496 75.780 fl.3196
45 223.62 2.4877 1.8596 1.2431 68,057 1.4693
60 210.15 2.3378 1.6722 1.1565 61,925 1.6149
75 199.67 2.2213 1.5266 1.0849 56,960 1.7556
90 190.63 2.1207 1.4009 1.0199 52,539 1.9033
105 182.88 2.0345 1.2931 O.9615 48,640 2.0559
120 175.76 1.9553 1.1941 0.9057 44,982 2.2231
135 170.85 1.9006 1.1257 0.8658 42,408 2.3580
150 166.02 1.8469 1.0586 0.8255 39,845 2.5097
180 159.15 1.7705 0.9631 0.7663 36,151 2.7662
TABLE 7.37
EFFECT OF TELLURIUM TETRACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE
dl'),'": IN >TFTRACHLOROETHAIIE! CONTAININGf 2.1TbM ACETIC ANHYDRIDE AT 40°C;'
(i) Tellurium tetrachloride = 6 . 0 x 1 0 “ 2 M Solvent flow-time= 54*30secs.
Time Flow-time ^aJc [»] M 1/M x 10?
(minutes) (secs) rel Bp n n
0 177.91 3.2762 2.8452 1.6177 96,043 1.0412
15 185.22 3.4110 3.0137 1.6709 100,194 0.9981
30 183.85 3.3858 2.9822 1.6611 99,426 1.0058
60 181.72 3.3466 2.9332 1.6458 98,230 1.0180
90 . 179.83 3.3127 2.8909 1.6325 97,193 1.0289
120 178.96 3.2957 2.8696 1.6256 96,656 1.0346
150 177.45 3.2679 2.8349 1.6144 95,787 1.0440
180 176.42 3.2490 2.8112 1.6067 95,190 1.0505
210 174.92 3.2214 2.7767 1.5954 94,315 1.0603
240 173.80 3.2007 2.7509 1.5868 93,651 1.0678
(ii) Tellurium tetrachloride — 8 . 0 x 1 0 " 2 M Solvent flow-time==75.85secs.
0 248.46 3.2762 2.8452 1.6177 96,043 1.0412
15 267.22 3.5230 3.1537 1.7130 103,508 O.966I
30 263.71 3.4767 3.0959 1.6958 102,151 O .9789
60 259.98 3.4275 5.0344 1.6772 100,688 0.9932
90 256.62 3.3832 2.9790 1.6602 99,356 1.0065
120 253.26 3.3389 2.9236 1.6428 97,996 1.0204
150 250.10 3.2973 2.8716 1.6263 96,711 1.0340
180 247.42 3.2620 2.8275 1.6120 95,600 1.0460
210 244.62 3.2250 2.7812 1.5969 94,431 1.0589
240 241.70 3.1865 2.7331 1.5809 93,196 1.0730
(iii) Tellurium tetrachloride *= 1 0 x 1 0 ” 2 M Solvent flow-time== 75»85secs.
0 248.46 3.2762 2.8452 1.6177 96,043 1,0412 .
15 260.80 3.4384 3.0480 1.6814 101,018 0.9899
30 257.49 3.3947 2.9934 1.6646 99,700 1.0030
60 251.21 3.3119 2.8899 1.6321 97,162 1.0292
90 245.43 3.2357 2.7946 1.6013 94,771 1.0552
120 241.14 3.1792 2.7240 1.5778 92,957 1.0758
150 237.23 3.1276 2.6595 1.5560 91,281 1.0955
180 232.91 3.0707 2.5884 1.5314 89,398 1.1186
210 229,07 3.0200 2.5250 1.5089 87,684 1.1405
240 225.78 2.9767 2.4709 1.4895 86,213 1.1599
(iv) Tellurium tetrachloride = 12x10~2M Solvent flow-time = 89.89secs.
0 294.60 3.2762 2.8452 1.6177 96,043 1.0412
15 320.35 3.5638 3.2047 1.7280 104.695 0.9551
30 314.60 3.4998 3.1247 1.7044 102,829 0.9725
60 305.20 3.3952 2.9940 1.6648 99,716 1.0028
90 296.13 3.2943 2.8679 1.6251 96,618 1.0350
120 287.13 3.1942 2.7427 1.5841 93,442 1.0702
150 279.56 3.1100 2.6375 1.5484 90,698 1.1026
180 273.65 3.0443 2.5554 1.5198 88,514 1.1298
210 267.09 2.9713 2.4641 1.4870 86,024 . 1.1625
240 261.29 2.9068 2.3835 1.4573 83,784 1.1935
TABLE 7.38
EFFECT. OF FERRIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (O.Sg/dl)
XH TETRACHIiOROElHANE CONTADTOTG 2.116M ACETIC AIJHY BRIBE AT 50° C
(i) Ferric chloride =: 2.0 x 10“2M Solvent flow-time - 65*70sec
Time
(minutes)
Flow-time
(secs) \el V c Mn
1/M x 1 ' n
0 190.57 2.9006 2.3757 1.4543 89,241 1.1206
15 156.96 2.3890 1.7362 1.1867 68,875 ■1.4519
30 140.74 2.1422 1.4277 1.0340 57,791 1.7304
45 150.06 1.9796 1.2245 0.9231 50,014 1.9994
60 122.46 1.8639 1.0799 0.8385 44,250 2.2599
75 116.69 1.7761 0.9701 0,7707 39,743 2.5162
90 112.31 1.7094 O .8867 0.7171 36,257 2.7581
105 108.89 1.6574 0.8217 0.6740 33,504 2.9847
120 205.72 1.6091 O.7614 0.6329 30,923 3.2338
135 103.40 1.5738 0.7172 0.6020 29,013 3.4467
150 101.39 1.5432 0.6790 0.5749 27,360 3.6550
165 99.47 1.5140 O.6425 0.5485 25,769 3.8806
180 97.80 1.4886 0.6107 0.5252 24,383 4.1012
(ii) Ferric chloride = 3.0 X 10“2M Solvent flow-time= 77.74secs
0 225.47 2.9003 2.3754 1.4543 89,241 1.1206
15 174.01 2.2384 1.5480 1.0957 62,219 1.6072
30 148.72 1.9130 1.1412 0.8749 46,711 2.1408
45 134.84 1.7345 0.9181 0.7375 37,575 2•6615
60 126.21 1.6235 0.7794 0.6453 31,697 3.1549
75 120.03 1.5440 0.6800 0.5756 27,402 3.6494
90 115.41 1.4846 0.6057 O.5215 24,164 4.1384
105 112.12 1.4422 0.5527 0.4817 21,840 4.5788
120 109.11 1.4035 0.5044 0.4446 19,720 5.0710
135 107.10 1.3777 0.4721 0.4193 18,302 5.4639
150 105.53 1.3575 0.4469 0.3993 17,197 5.8149
165 103.36 1.3296 0.4120 0.3712 15,671 6.3812
180 101.74 1.3087 0.3859 0.3499 14.534 6.8804
(iii) Ferric chloride = 4.0 X 10“2M Solvent flow-time= 65.70secs,
0 190.57 2.9006 2.3757 1.4543 89,241 1.1206
15 139.27 2.1198 1.3997 1.0192 56,739 1.7624
30 118.03 1.7965 0.9956 0.7867 40,798 2.4511
45 106.24 1.6170 0.7712 0.6396 31,341 3.1907
60 100.08 1.5233 0.6541 0.5569 26,273 3.8062
75 95.40 1.4521 0.5651 0.4911 22.384 4.4675
90 92.17 1.4029 0.5036 0.4440 19,686 5.0797
105 89.59 1.3636 0.4545 0,4054 17,560 5.6948
120 87.91 1.3381 0.4226 0.3798 16,135 6.1977
135 86.43 1.3155 0.3944 0.3569 14,906 6.7087
150 85.14 1.2959 0.3699 0.3367 13,840 7.2254
165 84.00 1.2785 0.3481 0.3185 12,894 7.7555
180 83.10 1.2648 0.3310 O.3041 12,156 8.2264
tajujJU y o ° conxinuea
_9
(iv) Ferric chloride= 6*0 x 10 "M Solvent flow-time = 77*74secs.
Time
(minutes)
Flow-time 
(secs) \el v °
t 'n j M ”":n 1/M x lO^' ' n
0 225*47 2.9003 2.3754 1.5443 89,241 1.1206
15 144*41 1.8576 1.0720 0.8337 43,927 2.2765
30 120*55 1.5507 0.6884 0.5816 27,766 3.6015
45 110.80 1.4253 0.5316 0.4656 20,914 4.7815
60 104.60 1.3455 0.4319 0.3873 16,542 6.0452
75 101.52 1.3059 0.3824 0.3470 14,381 6.9536
90 99.10 1.2748 0.3435 0.3147 12,698 7.8752
105 97.33 1.2520 0.3150 0.2906 11,473 8.7161
120 .95.89 1.2335 O .2919 0.2708 10,486 9.5365
135 94.60 1.2169 0.2711 O .2528 9,607 10.4090
150 94.14 1.2110 0.2637 0.2464 9,298 10.7550
165 93.12 1.1978 0.2472 O.2319 8,607 11.6184
180 92.13 1.1851 0.2314 0.2179 7,950 12.5787
TABLE 7.39
EFFECT OF ANTIMONY EENTACHLORIDE Oil DEGRADATION OF CELLULOSE TRIACETATE
(0.8^/dl) IN TETRACHLOROETHANE CONTAINING 2.116M ACETIC ANHYDRDE AT 50°C
(i) Antimony pentachloride= 2.0x 10“2M Solvent flow-time= 6-5.70secs.
Time Flow-time VQJC M M 1/M x 105
(minutes) (secs) rel spr n n
0 190.57 2.9006 2.3754 1.5443 89,241 1.1206
15 174.90 2.6621 2.0776 1.3369 80,167 1.2474
30 158.25 2.4087 1.7609 1.1982 69,727 1.4341
45 145.85 2.2199 1.5249 1.0841 61,381 1.6292
60 136.22 2.0734 1.3417 0.9981 . 54,453 1.8334
75 129.65 1.9734 1.2167 0.9186 49,704 2.0119
90 123.96 1.8867 1.1084 0.8555 45,396 2.2028
105 119.26 1.8152 1.0190 0.8013 41,764 2.3944
120 115.19 1.7533 0.9416 0.7526 38,558 2.5935
135 111.78 1.7014 0.8767 0.7106 35,838 2.7903
150 109.59 1•6680 0.8350 0.6829 34,068 2.9353
165 106.87 1.6266 0.7832 0.6479 31,860 3.1387
180 104.87 1.5962 0.7452 0.6216 30,222 3.3088
—2(ii) Antimony pentachloride= 3*0x10 M Solvent flow-time= 77.74secs.
0 225.47 2.9003 2.v3754 1.5443 89,241 1.1206
15 186.19 2.3950 1.7437 1.1902 69,134 1.4465
30 160.29 2.0618 1.3272 0.9802 53,988 1.8523
45 144.55 1.8594 1.0742 0.8350 44.015 2.2720
60 134.31 1.7277 0.9096 0.7320 37,219 2.6868
75 126.89 1.6322 O.7902 0.6527 32,161 3.1093
90 121.28 1.5600 0.7000 0.5899 28,272 3.5370
105 117.08 1.5060 O .6325 0.5412 25,333 3.9474
120 113.42 1.4589 0.5736 0.4975 22,757 4.3942
135 110.90 1.4265 0.5331 O.4667 20,977 4.7671
150 108.33 1.3935 0.4919 0.4349 19,174 5.2154
165 106.44 1.3692 0.4615 0.4109 17,836 5.6066
180 104.81 1.3482 0.4352 0.3899 16,683 5.9941
TABLE 7*39 continued
—2(iii) Antimony pentachloride= 4®0x10 M Solvent flow-time= 65*70secs.
Time
(minutes)
Flow-time 
(secs) \el v° Mn 1/M x 105 ' n
0 190*57 2.9006 2.3757 1.4543 89,241 1.1206
15 133.05 2.0251 1.2814 0.9551 52,233 1.9145
30 111.62 1.6989 O .8736 0.7085 35,704 2.8008
45 101.75 1.5487 O .6859 0.5798 27,657 3.6157
60 94.66 1.4408 0.5510 0.4804 21,765 4.5945
75 90.00 1.3698 0.4622 0.4115 17,869 5.5963
90 86.45 1.3158 0.3947 0.3571 14,916 6.7042
105 84.16 1.2809 0.3511 0.3210 13,023 7.6787
120 82.04 1.2487 0.3109 0.2871 11,297 8.8519
135 80.71 1.2285 0.2856 0.2654 10,221 9.7838
150 . 79.44 1.2091 0.2614 0.2444 9,202 10.8672
165 78.56 1.1957 0.2446 0.2296 8,498 11.7674
180 77.47 1.1791 0.2239 0.2113 7,645 13.0804
(iv) Antimony pentaohloride= 6.0x 10“2M Solvent flow-time= 77.74secs.
0 225.47 2.9003 2.3754 1.4543 89,241 1.1206
15 127.17 1.6358 0.7947 0.6557 32,349 3.0913
30 107.93 1.3883 0.4854 0.4298 18,888 5.2944
45 101.45 1.3050 0.3812 O.346O 14,328 6.9793
60 96.86 1.2459 0.3074 0.2841 11,147 8.9710
75 94.06 1.2099 0.2624 . 0.2452 9,240 10.8225
90 92.03 1.1838 0.2298 0.2165 7,885 12.6823
105 90.47 1.1637 0.2046 0.1940 6,856 14.5857
120 89.57 1.1522 0.1902 0.1810 6,277 15.9311
135 88.10 1.1333 0.1666 0.1595 5,343 18.7160
150 87.83 1.1298 0.1622 0.1555 5,173 19.3311
165 87.30 1.1229 0.1536 0.1472 4,824 20.7292
180 87.13 1.1208 0.1510 0.1451 4,736 21.1149
TABLE 7.40
EFFECT OF STANNIC CHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE (0.8g/dl)
IN TETRACHIOROETHANE CONTAINING 2.116M ACETIC ANHYDRIDE AT 50°C
(i) Stannic chloride= 6.0x10“2M Solvent flow-time= 77.74secs.
Time
(minutes)
Flow-time
(secs) ^rel C
D O M 1/M x 105 ' n
0 225.47 2.9003 2.3754 1.4543 89,241 1.1206
15 213.44 2.7456 2.1820 1.3794 83,428 1.1986
30 201.92 2.5974 1.9967 1.3029 77,579 1.2890
45 192.62 2.4777 1.8471 1.2375 72,653 1.3764
60 184.07 2.3678 1.7097 . 1.1743 67,960 1.4715
75 175.94 2.2632 1.5790 1.1111 63,335 1.5789
90 169.90 2.1855 1.4819 1.0622 59,806 1.6721
105 164.61 2.1174 1.3967 1.0176 56,626 1.7660
120 160.16 2.0602 1.3252 0.9792 53,918 1.8547
135 156.13 2.0084 1.2605 0.9434 51,419 1.9448
150 152.72 1.9645 1.2056 0.9123 49,270 2.0296
165 149.16 1.9187 1.1484 0.8792 47,018 2.1268
180 147.07 1.8918 1.1147 0.8593 45,653 2.1904
TABLE 7*40 continued
—2
(ii) Stannic chloride ■ 8,0 x 10 M Solvent flow-time= 65.70secs.
Time
(minutes)
Flow-time
(secs) \el
Mn 1/M x 10? ' n
0 190.57 2.9006 2.3754 1.4543 89,241 1.1206
15 174.46 2.6554 2.0692 1.3334 79,900 1.2516
30 160.77 2.4470 1.8087 1.2202 71,361 1.4013
45 150.05 2.2839 1.6049 1.1239 64,266 1.5560
60 141.91 2.1600 1.4500 1.0457 53,625 1.7058
75 135.02 2.O55I 1.3189 0.9757 53,672 1.8632
90 129.97 1.9782 1.2221 0.9220 49,938 2.0024
105 125.56 1.9111 1.1389 0.8736 46,623 2.1448
120 121.71 1.8525 1.0656 0.8298 43,666 2.2901
135 118.49 1.8035 1.0044 0.7922 41,161 2.4295
150 115.64 1.7601 0.9501 0.7580 38,911 2.5699
165 113.04 1.7205 0.9006 0.7262 36,844 2.7141
180 110.83 1.6869 0.8586 O .6986 35,069 2.8515
(iii) Stannic chloride= 10.0 x 10“2M Solvent flow-time= 65*70secs.
0 190.57 2.9006 2.3754 1.4543 89,241 1.1206
15 156.96 2.3890 1.7362 1.1867 68,875 1.4519
30 140.74 2.1422 1.4277 1.0340 57,791 1.7304
45 130.06 1.9796 1.2245 O.9231 50,014 1.9995
60 . 122.46 1.8639 1.0799 0.8385 44,250 2.2599
75 116.69 1.7761 0,9701 O.77O7 39,743 2.5162
90 112.31 1.7094 O.8867. 0.7171 36,257 2.7581
105 108.89 1.6574 0.8217 0.6740 33,504 2.9847
120 205.72 1.6091 0.7614 0.6329 30,923 3.2338
135 103.40 1.5738 0.7172 0.6020 29,013 3.4467
150 101,39 1.5432 0.6790 0.5749 27,360 3.6550
165 99.47 1.5140 0.6425 0.5485 25,769 3.8806
180 97.80 1.4886 0.6107 O.5252 24,383 4.1012
(iv) Stannic chloride^* 12,0 x O
1 ro Solvent flow-time= 77*74secs.
0 225.47 2.9003 2.3754 1.4543 89,241 1.1206
15 197.78 2.5441 1.9301 1.2742 75,409 1.3262
30 172.76 2.2223 1.5279 1.0856 61,489 1.6263
45 156.56 2.0139 1.2674 0.9472 51,683 1.9348
60 146.50 1.8845 1.1056 0.8538 45,281 2.2084
75 138.28 1.7787 0.9734 0.7728 39,881 2.5074
90 132.29 1.7017 O .8771 0.7108 35,851 2.7893
105 127.35 1.6382 0.7977 0.6578 32,481 3.0787
120 123.62 1.5902 0.7377 0.6164 29,900 3.3445
135 120.48 1.5498 O.6872 0.5308 27,718 3.6078
150. 117.75 1.5147 0.6434 0.5492 25,811 3.8743
165 115.47 1.4853 0.6066 0.5221 24,200 4.1322
180 113.28 1.4572 0.5715 0.4959 22,664 4.4123
TABLE 7.41
EFFECT OF TELLURIUM TETRACHLORIDE ON DEGRADATION OF CELLULOSE TRIACETATE ..
(O.Sg/dl) m  TETRACHLOROETFTAiNE COITTABTING 2. 116M ACETIC"CNKYBRIBE AT 50^T
’i) Tellurium tetrachloride** 6.0x10~“M Solvent flow-time* 65*70secs.
Time Flow-time f>] M 1/M x 10-
’minutes) (secs) rel 8 p n n
0 190.57 2.9006 2.3757 1.4543 89,241 1.1206
15 187.03 2.8467 2.3084 1.4288 87,252 1.1461
30 185.40 2.8219 2.2774 1.4169 86,328 1.1584
45 183.76 2.7970 2.2462 1.4047 85,382 1.1712
60 182.77 2.7819 2.2274 1.3974 84,817 1.1790
75 180.98 2.7546 2.1932 1.3838 83,767 1.1938
105 178.36 2.7148 2.1435 1.3639 82,235 1.2160
135 176.43 2.6854 2.1067 1.3489 81,085 1.2333
150 174.83 2.6610 2.0762 1.3363 80,121 1.2481
180 172.13 2.6199 2.0249 1.3149 78,490 1.2740
240 168.15 2.5594 1.9492 1.2825 76,035 1.3152
ii) Tellurium tetrachloride* 8.0x10~2M Solvent flow-time* 77#74secs.
0 225.47 2.9003 2.3754 1.4543 89,241 1.1206
15 217.14 2.7932 2.2415 1.4029 85,242 1.1731
30 213.45 2.7457 2.1821 1.3794 83,428 1.1986
45 210.39 2.7063 2.1329 1.3596 81,905 1.2209
60 207.49 2.6690 2.0862 1.3404 80,435 1.2432
75 204.93 2.6361 2.0451 1.3234 79,137 1.2636
105 200.25 2.5759 1.9699 1.2915 76,715 1.3035
135 196.01 2.5213 1.9016 1.2618 74,475 1.3427
150 193.76 2.4924 1.8655 1.2458 73,274 1.3647
195 187.54 2.4124 1.7655 1.2004 69,890 1.4308
iii) Tellurium tetrachloride'= 10x 10~2M Solvent flow-time* 77.74secs.
0 225.47 2.9003 2.3754 1.4543 89,241 1.1206
15 218.78 2.8143 2.2679 1.4132 86,041 1.1622
30 214.38 2.7477 2.1971 1.3854 83,890 1.1920
45 210.25 2.7045 2.1306 1.3586 81,828 1.2221
60 206.82 2.6604 2.0755 1.3360 80,098 1.2487
75 203.14 2.6131 2.0164 1.3113 78,217 1.2785
105 196.61 2.5291 1.9114 1.2661 74,799 1.3369
135 190.99 2.4568 1.8210 . 1.2258 71,779 1.3932
150 188.67 ■2.4269 1.7836 1.2087 70,506 1.4183
180 183.69 2.3629 1.7036 1.1714 67,746 1.4761
iv) Tellurium tetrachloride* 12.0x 10~2M Solvent flow-time= 65.70secs,
1
0 190.57 2.9006 2.3757 1.4543 89,241 1.1206
15 182.01 2.7703 2.2129 1.3917 84,376 1.1852
30 177.03 2.6945 2,1181 1.3535 81,437 1.2279
45 172.84 2.6307 2.0384 1.3206 78,924 1.2670
60 169.00 2.5723 1.9654 ■ 1.2895 76,564 1.3061
75 165.27 2.5155 1.8944 1.2586 74,235 1.3471
105 158.44 2.4116 1.7644 1.1998 69,845 1.4317
135 152.96 2.3282 1.6602 1.1507 66,225 1.5100
150 150.06 2.2840 1.6050 1.1239 64,266 1.5560
180 145.21 2.2102 1.5127 1.0779 60,934 1.6411
EFFECT OF DEFFERENT CATALYSTS ON DEGRADATION OF CELLULOSE TRIACETATE 
(0.%%/#!}^^  TETRAGHLOEOETRANF AT 4Q°C C0NATINING .2.;lt6^ ;AOTICR^ • 
ANHYDRIDE AND 6.0x10~2M . CATALYST
100
10
20
150120
Time in minutes
Fpa
TABLE 7.4*2
EFFECT OF PERCHLORIC ACID ON DEGRADATION OF CELLULOSE TRIACETATE (Q.8g/dl)
JLii j . l l j iOBIBE ; CONTAIMUTC 2',. 116M ACETIC A13KY32RI3)E AT 15~CT V
(i) Perchloric acid « I .65 x 10“ Solvent flow-time= 35*96secs.
Time Flow-time 1 T/c M 1/M x 10^
(minutes) (secs) rel SF n n
0 175.54 4.8815 4.8519 2.1152 92,776 1.0777
15 158.00 4.3938 4.2422 1.9905 86,920 1.1505
50 145.21 4.0381 3.7976 1.8868 82,071 1.2185
45 134.82 3.7492 3.4365 1.7932 77,711 1.2868
60 126.36 3.5139 3.1424 1.7097 73,835 1.3544
75 119.42 3.3209 2.9011 1.6357 70,411 1.4202
90 113.22 3.1485 2.6856 1.5650 67,151 1.4892
105 108.02 3.0039 2.5049 1.5017 64,241 1.5566
120 IO3.92 2.8899 2.3623 1.4493 61,839 1.6-171
135 99.75 2.7739 2.2174 1.3934 59,284 1.6868
150 96.17 2.6744 2.0929 1.3432 56,995 1.7545
165 93.05 2.5876 1.9845 1.2977 54,926 1.8206
180 90.24 2.5094 1.8868 1.2552 52,998 1.8869
(ii) Perchloric acid ■= 3*3 x 10“5M Solvent flow-time*= 35*96secs.
0 175.54 4.8815 4.8519 2.1152 92,776 1.0777
15 145.02 4.0328 3.79IO 1.8852 81,996 1.2196
30 128.07 3.5614 3.2018 1.7272 74,646 1.3396
45 115.42 3.2097 2.7621 1.5905 68,326 1.4636
60 105.66 2.9382 2.4228 1.4719 62,874 1.5905
75 98.09 2.7277 2.1597 1.3704 58,234 1.7172
90 92.41 2.5698 1.9622 1.2882 54,495 1.8350
105 87.35 2.4291 1.7863 1.2100 50,953 1.9626
120 83.15 2.3123 1.6403 1.1412 47,851 2.0898
135 79.75 2.2177 1.5222 1.0827 45,224 2.2112
150 76.81 2.1360 1.4200 1.0300 42,867 2.3328
165 74.20 2.0634 1.3292 O.98U 40,700 2.4570
180 71.78 1.9961 1.2451 0.9347 38,626 2.5889
(iii) Perchloric acid== 5.4 x ,10”5M Solvent flow-time= 42.65secs.
0 208.23 4.8823 4.8529 2.1154 92,776 1.0777
15 154.90 3.6319 3.2900 1.7524 75,815 1.3190
30 131.23 3.0769 2.5961 1.5341 65,730 1.5214
45 115.56 2.7095 2.1369 1.3612 57,815 1.7296
60 104.82 2.4577 1.8221 1.2263 51,690 1.9346
75 96.38 2.2598 1.5747 1.1090 46,404 2.1550
90 90.27 2.1165 1.3956 1.0171 42,291 2.3646
105 85.28 1.9995 1.2494 0.9371 38,732 2.5818
120 81.33 1.9069 1.1336 0.8705 35,787 2.7943
135 78.00 1.8288 1.0360 0.8117 33,200 3.0120
150 74.90 1.7562 0.9452 0.7549 30,713 3.2559
165 72.96 1.7107 0.8884 0.7182 29,114 3.4348
180 70.80 1•6600 0.8250 0.6762 27,291 3.6643
TABLE 7*42 continued
1 ’• '/>:■■• Solvent;.- -£low~time» 42.65sec.s...
Time
(minutes)
Flow-time 
(secs) W V° Mn M x 105 n
0 208.23 4.8823 4.8529 2.1154 92,776 1.0777
15 139.26 3.2652 2.8315 1.6133 69,377 1.4414
50 115.51 2.7083 2.1354 1.3606 57,788 1*7305
45 100.63 2.3594 1.6992 1.1694 49,121 2.0358
60 90.89 2.1311 1.4139 1.0267 42,719 2.3409
75 84.21 1.9744 1.2180 0.9194 37,948 2.6352
90 78.37 1.8375 1.0469 0.8184 33,494 2.9856
105 74.22 1.7402 0.9252 0.7421 30,155 3.3162
120 71.19 1.6692 0.8365 0.6839 27,625 3*6199
135 68.35 1•6026 0.7532 0.6272 25,175 3.9722
150 ' 66.22 1.5526 0.6907 0.5833 23,289 4.2939
165 64.54 1.5132 0.6415 0.5478 21.772 4.5931
180 63.68 1.4931 0.6164 0.5294 20,988 4.7646
TABLE 7.43
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE TRIACETATE (0*8g/ai)
IN METHYLENE CHLORIDE CONTAINING 2.116M ACETIC ANHYDRIDE AT 15°C
( i) Sulphuric acid. = 2.0 x 10~2m Solvent flow-time= 35*96secs.
Time
(minutes)
Flow-time 
(secs) \el v° M Mn 1/M x 105 ' n
0 175.54 4.8815 4.8519 2.1152 92,776 1.0777
15 153.93 4.2806 4.1007 1.9588 85,438 1.1705
30 145.06 4.0339 3.7924 1.8855 82,010 1.2194
45 137.69 3.8290 3.5362 1.8200 78,958 1.2665
60 131.57 3.6588 3.3235 1.7619 76,256 1.3114
75 126.15 3.5081 5.1351 I.7075. 73,733 1.3562
90 121.54 3.3799 2.9748 1.6588 71,479 1.3991
105 117.59 3.2700 2.8375 1.6153 69,470 1.4395
120 114.00 3.1701 2.7127 1.5741 67,570 1.4799
135 110.92 3.0845 2.6057 1.5374 65,881 1.5179
150 108.03 3.0042 2.5052 1.5019 64,250 1.5564
165 105.30 2.9282 2.4103 • 1.4673 62,664 1.5958
180 103.31 2.8729 2.3411 1.4413 61,473 1.6267
TABLE 7*43 continued
«.c>
Solvent: flow-time- A2*65se,cs.i
' -- ” ' ' 1 1 ' _ " -■...     c*
Time Plow-time ^st/0 ^  1/^ n X ^
(minutes) (secs)
0 208.25 4.8823 4.8529 2.1154 92,776 1.0777
15 178.72 4.1904 3.9880 1.9327 84,215 1.1874
30 164.14 3.8485 3.5606 1.8264 79,255 1.2617
45 153.52 3.5995 3.2494 1.7409 75,281 1.3284
60 144.43 3.3864 2.9830 1.6614 71,599 1.3967
75 137.38 3.2211 2.7764 1.5953 68,547 1.4589
90 150.78 3.0663 2.5829 1.5294 65,514 1.5264
105 125.28 2.9374 2.4217 1.4715 62,856 1.5909
120 120.67 2.8293 2.2866 1.4204 60,517 1.6524
135 116.39 2.7290 2.1612 1.3711 58,266 1.7163
150 . 113.34 2.6574 2.0717 1.3345 56,599 1.7668
165 110.00 2.5791 1.9739 1.2932 54,722 1.8274
180 107.11 2.5114 1.8892 1.2563 53,048 1.8851
—2(iii) Sulphuric acid * 4.0 x 10 M Solvent flow-time=42.65secs.
0 208.23 4.8823 4.8529 2.1154 92,776 1.0777
15 170.08 3.9878 3.7347 1.8712 81,343 1.2294
30 152.90 3.5850 3.2312 1.7357 75,040 1.3326
45 140.66 3.2980 2.8725 1.6266 69,991 1.4288
60 130.81 3.0671 2.5839 1.5298 65,532 1.5260
75 123.01 2.8842 2.3552 1.4466 61,716 1.6203
90 116.87 2.7402 . 2.1752 1.3767 58,522 1.7088
105 111.30 2.6096 2.0120 ' 1.3094 55,458 1.8032
120 106.72 2.5022 1.8777 1.2512 52,817 1.8933
135 102.86 2.4117 1.7646 1.2000 50,502 1.9801
150 99.61 2.3355 1.6694 1.1551 48,477 2.0628
165 96.57 2.2628 1.5785 1.1109 46,489 2.1511
180 93.87 2.2009 1.5011 1.0720 44,745 2.2349
■) Sulphuric acid = 6.0 x 10”2m Solvent flow-time= 35»96sec
0 175.54 4.8815 4.8519 2.1152 92,776 1.0777
15 133.72 3.7186 3.3982 1.7827 77,223 1.2949
30 116.02 3.2264 2.7829 1.5974 68,644 1.4568
45 104.11 2.8952 2.3689 1.4518 61,954 1.6141
60 96.00 2.6696 2.Q870 1.3408 56,886 1.7579
75 89.54 2.4900 1.8625 1.2444 52,509 1.9044
90 84.33 2.3451 1.6814 1.1609 48,738 2.0518
105 80.09 2.2272 1.5340 1.0887 45,493 2.1981
120 76.68 2.1324 1.4155 1.0275 42,755 2,3389
135 73.78 2.0517 1.3146 0.9734 40,344 2,4787
150 71.40 1.9855 1.2319 0.9273 33,298 2.6111
165 69.51 1.9330 1.1662 0,8896 36,630 2.7300
180 67.52 1.8776 1.0970 O .8488 34,830 2.8711
TABLE 7.44
EE3»T\O^4mmeR10v-AgI3):^BEgaAMTIQN.-OF.CELLT]LOSE-..TRIACETATE-(Oy8 j? /d lX  
IN ETHYLENE CHLORIDE CONTAINING 2.116M ACETIC ANHYDRIDE AT 20 °C
(i) Perchloric acid = 1.65 x 10“5M Solvent flow-time= 35.62secs.
Time
(minutes)
Plow-time 
(secs) \el V ° M Mn 1/M x 10? ' n
0 164.81 4.6269 4.5336 2.0523 87,702 1.1402
15 147.17 3.9632 3.7040 1.8634 81,136 1.2330
30 135.17 3.7948 3.4935 1.8086 78,539 1.2732
45 129.89 3.6465 3.3081 1.7576 76,129 1.3136
60 125.07 3.5112 3.1390 1,7087 73,823 1.3546
75 121.02 3.3975 2.9968 1.6657 71,800 1.3928
90 117.30 3.2931 2.8664 1.6246 69,872 1.4312
105 113.81 3.1951 2.7439 1.5845 67,994 1.4707
120 110.94 3.1145 2.6431 1.5503 66,396 1,5061
135 108.51 3.0463 2.5579 1.5206 65,011 1.5382
150 106.06 2.9775 2.4719 1.4898 63,577 1.5729
165 104.06 2.9214 2.4017 1.4640 62,378 1.6031
180 102.06 2.8652 2.3315 1.4376 61,153 1.6352
(ii) Perchloric acid ■= 3.3 x 10“^M Solvent flow-time= 42.22secs.
0 195.34 4.6267 4.5334 2.0523 87,702 1.1402
15 160.62 3.8044 3.5055 1,8118 78,691 1.2708
30 146.53 3.4706 3.0882 1.6935 73,107 1.3679
45 134.51 3.1859 2.7324 1.5807 67,816 1.4746
60 125.93 2.9827 2.4784 I.4922 63,689 1.5701
75 118.46 2.8058 2.2572 1.4090 59,828 1,6715
90 112.85 2.6729 2.0911 1.3425 56,757 1.7619
105 107.74 2.5519 1.9399 1.2785 53,815 1.8582
120 103.46 2.4505 1.8131 1.2222 51,237 1.9517
135 99.93 2.3669 1.7086' 1.1738 49,029 2.0396
150 . 96.71 2.2906 1.6132 1.1279 46,943 2.1302
165 93.96 2.2255 1.5319 1.0876 45,118 2.2164
180 91.40 2.1649 1.4561 1.0488 43,367 2.3059
(iii) Perchloric acid = 5.4 x 10~5M Solvent flow-time= 35*62secs.
0 164.81 4.6269 4.5336 2.0523 87,702 1.1402
15 123.88 3.4778 3.0972 1.6962 73,234 1.3655
30 108.31 3.0407 2.5509 1.5182 64,899 1.5409
45 97.49 2.7369 2.1711 1.3750 58,256 1.7165
60 89-37 2.5090 1.8862 1.2549 52,733 1.8963
75 84.63 2.3759 1.7199 1.1791 49,271 2.0296
90 79.93 2.2440 1.5550 1.0992 45,643 2.1909
105 76.59 2.1502 1.4377 1.0392 42,934 2.3292
120 73.75 2.0705 1.3381 0.9862 40,553 2.4659
135 71.58 2.0095 1.2619 0.9442 38,675 2.5856
150 70.23 1.9716 1.2145 O .9174 37,480 2,6681
165 67.94 1.9074 1.1342 0.8709 35,414 2.8237
180 66.42. 1.8647 1.0809 0.8391 34,007 2.9406
TABLE 7•44 cont inue d
(Tv)'*''i^ rchlofr6'''acid"'.« J .T  x 10 %    Solvent flow-time= 42.22secs»
Time
(minutes)
Flow-time 
(secs) A e l V c M
Mn 1/M x 10?
0 195.34 4.6267 4.5334 2.0523 87,702 1.1402
15 135.42 3.2075 2.7494 1.5897 68,237 1.4655
50 118.29 2.8017 2.2521 1.4071 59.740 1.6739
45 104.67 2.4792 1.8490 1.2356 51,849 1.9287
60 96.85 2.2939 1.6174 1.1300 47,039 2.1259
75 90.18 2.1359 1.4199 1.0299 42,516 2.3520
90 85.26 2.0194 1.2742 0.9510 38,978 2.5655
105 81.41 1.9282. 1.1602 0.8860 36,084 2.7713
120 78.28 1.8541 1.0676 0.8310 33,649 2.9718
135 76.48 1.8115 1.0144 0.7984 32,213 3.1043
150 74.29 1.7596 0.9495 0.7577 30,428 3.2864
165 72.00 1.7053 0.8816 0.7138 28,511 3.5074
180 70.55 1.6710 0.8387 O .6854 27,277 3*6661
TABLE 7.45
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE TRIACETATE (Q.S#/dl)
IN METHYLENE CHLORIDE CONTAINING 2. 116M ACETIC! ANHYDRIDE AT 20°C
(i) Sulphuric acid - 2.0 x 10r2M Solvent flow-time= 35*62secs.
Time
(minutes)
Flow-time 
(secs) \el V° 5n
1/M x 10?
0 164.81 4.6269 4.5336 2.0523 87,702 1.1402
15 150.41 4.2226 4.0282 1.9420 84,897 1.1779
30 143.58 4.0309 3.7886 1.8846 82,143 1.2174
45 139.95 3.9290 3.6612 1.8525 80,619 1.2404
60 136.84 3.8417 . 3.5521 1.8242 79,278 1.2614
75 134.79 3.7841 3.4801 1.8050 78,369 1.2760
90 133.25 3.7409 3.4261 1.7904 77,678 1.2874
105 131.99 3.7055 3.3819 1.7782 77,102 1.2970
120 130.96 3•67 66 3.3457 1.7682 76,629 1.3050
135 130.12 3.6530 3.3162 1.7599 76,237 1.3117
150 129.70 3.6412 3.3015 1.7557 76,039 1.3151
165 129.10 3.6244 3.2805 1.7498 75,760 1.3199
180 . 128.55 3.6O89 3.2611 1.7442 75,496 1.3246
TABLE 7.45 continued 
iriCv; acidi «*:3 Solvent' flow-time* 4^2;^ 22secsi:'-.V;,.
Time
(minutes)
Flow-time 
(secs) \el V c
Mn 1/M x 105 7 n
0 195.34 4.6267 4.5335 2.0523 87,702 1.1402
15 172.16 4.0777 3.8471 1.8990 82,827 1.2073
30 159.71 3.7828 3.4785 1.8046 78,350 1.2763
45 151.42 3.5865 3.2331 1.7362 75,119 1.3312
60 144.20 3.4154 3.0192 1.6726 72,125 1.3865
75 139.74 3.3098 2.8872 1.6312 70,181 1.4249
90 135.04 3.1985 2.7481 1.5859 68,059 1.4693
105 131.21 3.1078 2.6347 1.5475 66,265 1.5091
120 . 128.12 3.0346 2.5432 1.5154 64,769 1.5439
135 125.23 2.9661 2.4576 1.4846 63,355 1.5789
150 122.74 2.9072 2.3841 1.4574 62,071 1.6111
165 120.77 2.8605 2.3256 1.4354 61,051 1.6380
180 118.90 2.8162 2.2702 1*4141 60,064 1.6649
(iii) Sulphuric acid «- 4*0 X 10”2m Solvent ii0)
a-p£ 0 1—1 35*62secs.
0 164.81 4.6269 4.5336 2.0523 87,702 1.1402
15 138.46 3.8871 3.6089 1.8390 79,979 1.2503
30 124.86 3.5053 3.1316 1.7065 73,719 1.3565
45 114.83 3.2237 2*7796 1.5963 68,546 1.4588
60 107.87 3.0283 2.5354 1.5127 64,643 1.5469
75 . .'.102.41 2.8751 2.3439 1.4424 61,375 1.6293
90 98.04 2.7524 2.1905 1.3828 58,617 1.7063
105 94.28 2.6468 2.0585 1.3289 56,131 1.7815
120 91.08 2.5570 1.9462 1.2812 53,938 1.8540
135 88.51 2.4848 I.856O 1.2415 52,119 1.9187
150 86.O9 2.4169 1.7711 1.2029 50,356 1.9859
I65 85.85 2.3540 1.6925 1.1662 48,683 2.0541
180 82.18 2.3071 1.6339 1.1380 47,402 2.1096
(iv) Sulphuric acid = 6.0 x 10”2M Solvent flow-time^ 42*22secs.
0 195.34 4.6267 4.5335 2.0523 87,702 1.1402
15 148.82 3.5249 3.1561 1.7137 74,058 1.3502
30 128.24 3.0374 2.5467 1.5167 64,829 1.5425
45 115.68 2.7399 2.1749 1.3765 58,326 1.7145
60 106.59 2.5246 1.9057 1.2636 53.131 1.8821
75 99.61 2.3593 1.6991 1.1693 48,825 2.0481
90 94.69 2.2428 1.5535 1.0984 45,607 2.1926
105 90.45 2.1423 1.4279 1.0341 42,705 2.3416
120 86.91 2.0585 1.3251 0.9780 40,186 2.4884
135 83.72 1.9829 1.2286 0.9254 37,836 2.6430
150 81.56 1.9318 1.1647 0.8887 36,204 2.7621
165 79,34 1.8792 1.0990 0.8499 34,484 2.8999
180 77.37 1.8325 1.0406 0.8146 32,926 3.0371
TABLE 7.46
EFFECT OF.PERCHLORIC -ACID .ON DEGRADATION OF CELLULOSE TRIACETATE (O.gg/dlX
IN METHYLENE CHLORIDE CONTAINING 2.116m ACETIC ANHYDRIDE AT 25°C
.(i) Perchloric acid = 1.65 x 10“ Solvent flow-time==33*18secs
Time
(minutes)
Flow-time 
(secs) \el v °
!>] Mn 1/M x ' n
0 151.80 4.5750 4.4689 2.0390 89,638 1.1156
15 119.18 3.5919 3.2399 1.7382 76,804 1.3020
50 104.63 3.1534 2.6917 1.5670 69,468 1.4395
45 94.61 2.8514 2.3142 1.4311 63,627 1.5716
60 87.72 2.6437 2.0546 1.3274 59,158 1.6904
75 82.14 2.4756 1.8445 1.2364 55,227 1.8107
90 77.96 2.3496 1.6870 1.1635 52,072 1.9204
105 74.37 2.2414 1.5517 1.0976 49,214 2,0319
120 71.97 2.1691 1.4614 1.0516 47,216 2.1179
135 69.47 2.0937 1.3671 1.0019 45,054 2.2196
150 67.58 2.0368 1.2960 0.9631 43,363 2.3061
165 65.58 1.9765 1.2206 0.9209 41,523 2.40C3
180 64.62 1.9476 1.1845 0.9002 .40,619 2.4619
(ii) Perchloric acid «= 3.3 x 10”5M Solvent flow-time==39*03secs<
0 178.56 4.5749 4.4687- 2.0390 89,638 1.1156
15 121.72 3.1186 2.6482 1.5521 68,829 1.4529
30 100.65 2.5788 1.9735 1.2930 57,673 1.7339
45 87.97 2.2539 1.5674 1.1054 49,552 2.0181
60 80.34 2.0584 1.3230 O.978O 44,013 2.2720
75 74.31 1.9039 1.1299 0.8682 39,220 2.5497
90 70.19 1.7984 0.9980 0.7882 35,716 2.7999
105 67.27 1.7235 0.9044 0.7286 33,098 3.0213
120 64.39 1.6497 0.8121 0.6675 30,407 3.2887
135 62.47 1.6005 0.7506 0.6255 28,553 3.5022
150 60.70 1.5552 0.6940 0.5856 26,788 3.7330
165 59.31 1.5196 0.6495 0.5536 25,369 3.9418
180 58.32 1.4942 0.6177 0.5304 24,339 4.1086
(iii) Perchloric acid = 5*4 x 10~5M Solvent flow-time=33*18secs,
0 151.80 4.5750 4.4689 2.0390 89,638 1.1156
15 88.62 2.6709 2.0886 1.3415 59,767 1.6732
30 71.19 2.1456 1.4320 1.0363 46,550 2.1482
45 61.69 1.8592 1.0740 0.8349 37,763 2.6481
60 56.51 1.-7031 O.8789 0.7120 32,368 3.0895
75 52.65 1.5868 0.7335 0.6135 28,022 3.5686
90 50.22 1.5136 0.6420 0.5481 25,125 3.9801
105 48.27 1.4548 0.5685 0.4937 22,707 4.4039
120 46.67 1.4066 0.5082 0.4476 20,651 4.8424
135 45.51 1.3716 0.4645 0.4133 19,117 5.2309
150 44.48 1.3406 0.4257 0.3823 17,727 5.6411
165 43.71 1.3173 0.3966 0.3587 16,667 5.9999
180 42.92 1.2936 0.3670 0.3343 15,568 6.4234
TABLE 7 .46 continued
(iv) Perchloric acid = 7.2 x 10 ''M Solvent fiow-time=59*03secs.
Time
(minutes)
Flow-time 
(secs) \el v °
Mn 1/M x 105 ' n
0 178.56 4.5749 4.4687 2.0390 89,638 1.1156
15 92.87 2.3794 1.7242 1.1811 52,834 1.8927
30 73.72 1.8888 1.1110 0.8571 38,734 2.5817
45 65.17 1.6697 O.8371 0.6843 31,148 3*2105
60 59.93 1.5355 0.6694 O.568O 26,008 3.8450
75 56.58 1.4496 0.5620 0.4887 22,484 4.4476
90 53.93 1.3817 0.4771 0.4233 19,565 5.1112
105 52.17 1.3367 0.4209 0.3784 17,552 5.6973
120 50.69 1.2987 0.3734 0.3396 15,807 6.3263
135 49.74 1.2744 0.3430 0.3142 14,661 6.8208
150 48.78 1.2498 0.3122 0.2882 13,485 7.4156
165 48.00 1.2298 O.2871 0.2668 12,514 7.9910
180 47.41 1.2147 0.2684 0.2504 11,768 8.4976
TABLE 7.47
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE TRIACETATE (O.Sg/dl)
IN METHYLENE CHLORIDE CONTAINING 2.116M ACETIC ANHYDRIDE AT 25°C
(i) Sulphuric acid = 2.0 x 10 M Solvent flow-time-33*18secs.
Time
(minutes)
Flow-time 
(secs) \el C
Q O [ 1] Mn 1/M x TO5 ' n
0 151.80 4.5750 4.4689 2.0390 89,638 1.1156
15 119.04 3.5877 3.2346 1.7366 76,736 1.3032
30 108.62 3.2736 2.8420 1.6167 71,600 1.3966
45 102.03 3.075 2.5937 1.5332 68,017 1.4702
60 98.17 2.9587 2.4484 1.4813 65,787 1.5201
75 95.00 2.8632 2.3290 1.4367 63,868 1.5657
90 92.66 2.7926 2.2407 1.4026 62,400 1.6026
105 90.87 2.7387 2.1734 1.3759 61,250 1.6326
120 89.49 2.6971 2.1214 1.3548 60,340 1.6573
135 88.33 2.6621 2.0776 1.3369 59,568 1.6788
150 87.51 2.6374 2.0467 1.3241 59,016 1.6945
165 86.74 2.6142 2.0177 1.3119 58,489 1.7097
180' 86.18 2.5973 1.9966 1.3029 58,101 1.7211
TABLE 7.47 
(ii) Sulphi
continued 
iric acid = 3^0 itf’2VLy.':'K-- Solvent. £Xow;‘~time= 33.18secs*v
Time
(minutes)
Flow-time 
(secs) \el V° w Mn i/M x 105 ' n
0 151.80 4.5750 4.4689 2.0390 89,638 1.1156
15 107.07 3.2269 2.7836 1.5977 70,786 1.4127
30 93.94 2.8312 2.2890 1.4214 63,210 1.5820
45 85.77 2.5850 1.9812 1.2963 57,816 1.7296
60 80.00 2.4111 1.7639 1.1996 53,635 1.8644
75 76.53 2.3065 1.6331 1.1377 50,954 1.9625
90 73.75 2.2227 1.5284 1.0858 48,702 2.0533
105 71.62 2.1585 1.4481 1.0447 46,916 2.1315
120 70.60 2.1278 1.4097 1.0246 46,042 2.1719
135 69.65 2.0992 1.3740 1.0056 45,215 2.2117
150 68.31 2.0588 I.3235 0.9782 44,021 2.2716
165 67.13 2.0232 1.2790 0.9537 42,954 2.3281
180 66.64 2.0084 1.2605 0.9434 42.504 2.3527
(iii) Sulphuric acid = 4.0 x 1Cf 2 M Solvent flow-time= 39«03secs.
0 178.56 4.5749 4.4687 2.0390 89,638 1.1156
15 124.55 3.1911 2.7389 1.5828 70,146 1.4256
30 106.75 2.7351 2.1689 1.3741 61,172 1.6347
45 97.83 2.5065 1.8831 1.2536 55,971 1.7366
60 91.39 2.3415 1.6769 1.1587 51,864 1.9281
75 87.09 2.2314 1.5392 1.0913 48,940 2.0433
90 83.37 2.1360 1.4200 1.0300 46,276 2.1609
105 80.91 2.0730 1.3412 0.9879 44,444 2.2500
120 79.29 2.0315 1.2894 0.9595 43,206 2.3145
135 77.44 1.9841 1.2301 0.9263 41,758 2.3947
150 76.18 1.9518 1.1897 0.9032 40,750 2.4540
165 74.85 1.9177 1.1471 0.8784 39,666 2.5210
180 74.06 1.8975 1.1219 0.8635 39,014 2.5632
(iv) Sulphuric acid = 6.0 x 10-2m Solvent flow-tirae= 39.03Eecs.
AO 178.56 4.5749 4.4687 2.0390 89,638 1.1156
15 106.85 2.7376 2.1720 1.3754 61,228 1.6332
30 88.43 2.2657 1.5821 1.1127 49,869 2.0052
45 79.57 2.0387 1.2984 0.9644 43,420 2.5031
60 73.45 1.8819 1.1024 0.8519 38,507 2.5969
75 69.78 1.7878 0.9847 0.7799 35,352 2.8287
90 66.97 1.7159 0.8949 0.7225 32,830 3.0460
105 65.35 1.6743 0.8429 0.6882 31,320 3.1923
120 63.61 1.6298 0.7872 0.6507 29,657 3.3719
135 62.46 1.6003 0.7504 0.6253 28,544 3.5034
150 61.24 1.5690 0.7112 0.5978 27,328 3.6592
165 60.10 1.5398 0.6747 0.5718 26,176 3.8203
180 59.40 1.5219 O .6524 0.5557 25,462 3.9274
TABLE 7*48
triacetate-
IN METHYLENE CHLORINE CONTAINING 2.116M ACETIC ANHYDRIDE AT 3Q°C 
(i) Perchloric acid = 1.65 x 10*”^ M Solvent flow-time= 62.20secs.
Time Plow-time t» .,  ^ /c [t)1 M 1/m  x 10-
(minutes) (secs) rel sj/
0 254.07 4.0847 3.8559 1.9011 92,000 1.0869
15 198.25 5.1870 2.7337 1.5811 76,406 1.3088
30 168.85 2.7146 2.1432 1.5658 65,853 1.5185
45 150.44 2.4186 1.7732 1.2059 58,094 1.7213
60 137.85 2.2162 1.5202 1.0817 52,167 1.9169
75 127.88 2.0559 1.3199 0.9765 47,058 2.1250
90 121.67 1.9561 1.1951 0.9065 43,667 2.2901
105 115.67 1.8596 1.0745 0.8552 40,224 2.4861
120 111.42 1.7913 O .9891 ©.7827 37,682 2.6538
135 107.90 1.7347 0,9184 0.7377 35,505 2.8165
150 104.71 1.6854 0.8542 0.6958 33,478 2.9870
165 102.18 1.6428 0.8055 0.6617 31,828 3.1419
180 100.11 1.6095 0.7619 0.6532 30,450 3.2841
(ii) Perchloric acid •= 3.3 x 0
1 VM K Solvent flow-time= 62,20secs
0 254.07 4.0847 3.8559 1.9011 92,000 1.0869
15 159.86 2.5701 1.9626 1.2885 62,189 1.6080
30 153.20 2.1415 1.4269 1.0556 49,835 2.0066
45 117.16 1.8856 1.1045 0.8552 41,095 2.4334
60 107.97 1.7358 0.9197 0.7586 35,548 2.8131
75 101.59 1.6533 0.7916 0.6536 31,437 3.1810
90 96.61 1.5532 0.6915 0.5838 28,063 3.5634
105 92.39 1.4854 O.6O67 0.5222 25,087 3.9861
120 89.11 1.4326 0.5407 0.4726 22,692 4.4068
135 87.86 1.4125 0.5156 0.4533 21,760 4.5956
150 85.81 1.3796 0.4745 0.4212 20,211 4.9478
165 85.68 1.3453 0.4316 O.3871 18,567 5.3859
180 85.04 1.3350 0.4187 0.3767 18,065 5.5356
(iii) Perchloric acid it VJ1 • X _
>. 0
1 OJ Solvent flow-time^ 68.74secs
0 280.80 4.0847 5.8559 1.9011 92,000 1.0369
15 154.37 2.2457 1.5571 1.1003 53,069 1.8843
30 125.73 1.7999 1,0000 0.7895 38,011 2.6308
45 109.40 1.5915 0.7394 0.6176 29,696 3.3675
60 101.09 1.4706 0.5882 O.5O85 24,425 4.0942
75 96.01 1.3967 0.4959 0.4380 21,001 4.7619
90 92.11 1.3399 0.4249 0.3816 18,302 5.4639
105 89.20 1.2976 0.5720 0.3384 16,219 6.1656
120 87.22 1.2688 O.556O 0.3084 14,774 6.7686
135 85,54 1.2444 0.5055 0.2825 13,527 7.3926
150 84.14 1.2240 0.2800 0.2605 12,468 8.0205
165 85.00 1.2074 0.2592 0.2425 11,602 8.6192
180 82.10 1.1943 0.2429 0.2281 10,910 9.1659
TABLE 7.48 continued 
d^ric"1 acid:* 7 .'2^ x‘-1icrW-r- ^ Solvent-flow-tim? 68;74secs'i'-
Time Plow-time %r/C M M 1/M x 105
(minutes) (secs) rel 8p n n
0 280.80 4.0847 3.8559 1.9011 92,000 1.0869
15 138.27 2.0115 1.2644 0.9456 45,571 2.1944
30 111.66 1.6244 O.78O5 0.6460 31,069 3.2186
' 45 100.55 1.4628 0.5785 0.5012 24,073 4.1540
60 94.41 1.3734 O .4667 0.4151 19,917 5.0208
75 89.94 1.3084 0.3855 0.3496 16,759 5.9669
90 87.37 1.2710 0.3387 0.3107 14,885 6.7182
105 85.51 1.2440 0.3050 0.2821 15,508 7.4030
120 83.57 1.2157 0.2696 O.25I5 12,035 8.3091
135 81.21 1.1814 0.2267 0.2138 10,222 9.7828
150 80.13 1.1657 0.2071 0.1963 9,381 10.6598
165 79.22 1.1525 0.1906 0.1814 8,666 11.5393
180 78.46 1.1414 0.1767 0.1688 8,061 12.4054
EPPECT OP
0H1 .1 ACID ON :
TABLE 7.49
DEGRADATION OP CELLULOSE TRIACETATE (0.8^/dl)
IN METHYLENE CHLORIDE CONTAINING 2.116M ACETIC ANHYDRIDE AT 30°C
(i) Sulpphuric acid = 2.0 x 10“2M Solvent flow-iime=62.20secs.
Time
(minutes)
Flow-time 
(secs) ^rel Vc 1—1sr1_1 Mn 1/M x 1Q5
0 254.07 4.0847 3.8559 1.9011 92,000 1.0869
15 201.20 3.2347 2.7934 1.6009 77,368 1.2925
30 180.29 2.8986 2.3732 1.4534 70,204 1.4244
45 168.55 2.7098 2.1372 1.3614 65,737 1.5212
60 161.57 2.5976 1.9970 1.3031 62,907 1.5896
75 155.86 2.5058 1.8822 1.2532 60,486 1.6533
90 152.00 2.4437 1.8046 1.2183 58,792 1.7009
105 149.06 2.3965 1.7456 1.1911 57,473 1.7399
120 147.16 2.3659 1.7074 1.1732 56,604 1.7667
135 145.18 2.3341 106676 1.1543 55,688 1.7957
150 144.00 2.3151 1.6439 1.1429 55,135 1.8137
165 142.78 2.2955 1.6194 1.1310 54,558 1.8329
180 141.76 2.2791 1.5989 1.1209 54,068 1.8495
TAELE 7*49 continued 
(ii)' SulpHuric acid"■ 5.0 x 10 Solvent il'ow-iirne= 62'.20secs
Time
(minutes)
Flow-time
(secs) \el v ' °
h ] Mn 1/1 x 1( ' n
0 254*07 4.0847 3.8559 1.9011 92,000 1.0869
15 185.61 2.9519 2.4400 1.4781 71,403 1.4005
50 159.88 2.5704 1.9630 1.2885 62,199 1.6077
45 145.21 2.3346 1.6682 1.1546 55,702 1.7953
60 156.58 2.1958 1.4947 1.0687 51,537 1.9403
75 150.22 2.0936 1.3670 1.0018 48,294 2.0706
90 125.78 2.0222 1.2777 0.9530 45,929 2.1773
105 122.65 1.9715 1.2144 0.9173 44,200 2.2624
120 120.14 1.9315 1.1644 0.8885 42,805 2.3362
135 118.86 1.9109 1.1386 0.8734 42,074 2.3768
150 117.97 1.8966 1.1207 0.8629 41,565 2.4059
165 117.22 1.8846 1.1057 O .8539 41,129 2.4314
180 116.66 1.8756 1.0945 0.8472 40,805 2.4507
(iii) Sulphuric acid = 4.0 x 10~2m Solvent flow-time= 68,74secs.
0 280.80 4.0847 3.8559 1.9011 92,000 1.0869
15 185.97 2.67 65 2.0954 1.3442 64,902 1.5408
30 154.66 2.2499 1.5624 1.1029 53,195 1.8799
45 138.54 2.0154 1.2692 O .9483 45,702 2.1881
60 129.84 1.8889 1.1111 O .8572 41,289 2.4219
75 125.74 1.8000 1.0000 0.7895 38,011 2.6308
90 119.60 1.7399 0.9249 0.7419 35,708 2.8005
105 116.46 1.6942 0.8677 0.7047 33,908 2.9492
120 114.16 1.6608 0.8260 O .6769 32,563 3.0710
135 112.;6 1.6517 0.7896 O .6523 31,374 3.1873
150 110.85 1.6126 0.7657 O.6359 30,581 3.2700
165 109.57 1.5940 0.7425 0.6198 29,803 3.3554
180 108.74 1.5819 0.7274 0.6092 29,290 3.4141
(iv) Sulphuric acid = 6.0 x 10“2m Solvent flow-time= 68.74secs,
0 280.80 4.0847 3.8559 1.9011 92,000 1.0869
15 165.05 2.3717 1.7146 1.1766 56,769 1.7615
30 133.75 1.9457 1.1821 O .8988 43,304 2.3092
45 120.24 1.7492 0.9365 0.7494 36,071 2.7723
60 115.00 1.6439 0.8049 0.6626 31,872 3.1375
75 107.70 1.5668 0.7085 0.5959 28,647 3.4908
90 105.95 1.5122 0.6402 0.5469 26,280 3.8052
105 101.50 1.4737 0.5921 0.5114 24,565 4.0708
120 99.41 1.4462 0.5577 0.4855 23,315 4.2891
135 97.87 1.4238 0.5297 0.4642 22,286 4.4871
150 96.70 1.4068 0.5085 0.4478 21,495 4.6522
165 95.64 1.3913 0.4891 0.4327 20,766 4.8155
180 94.79 1.3790 0.4737 0.4206 20,182 4.9549
TABLE 7*50
M m n  0N> DEGRADATION: of GELLULPSE • TRIACETATEVfffi 8jg/.dl);"'
IN TETRACHLOROETHANE CONTAINING 2.116M ACETIC ANHYDRIDE AT 20° C
(1) Perchloric acid = 1.65 x 1Cf^ M Solvent flow-time= 50»49secs.
' _ _ c
Time Plow-time t) , t\0J c [“H] ■ x 10
(minutes) (secs) rel ap n
0 215.93 4.2767 4.0959 1.9576 107,918 0.9266
15 179.50 3.5550 3.1940 1.7249 91,456 1.0934
30 . 173.54 3.4371 3.0464 1.6809 88,417 1.1310
45 168.60 3.3392 2.9240 1.6429 85,812 1.1653
60 163.96 3.2474 2.8092 1.6060 83,300 1.2084
75 159.10 3.1511 2.6889 1.5660 80,597 1.2407
90 155.02 3.0703 2.5879 1.5312 78,263 1.2777
105 151.63 3.0032 2.5040 1.5014 76,277 1.3110
120 148.49 2.9409 2.4261 1.4731 74,402 1.3440
135 145.54 2.8825 2.3531 1.4458 72,604 1.3773
150 143.46 2.8413 2,3016 1.4262 71,319 1.4021
180 138.02 2.7336 2.1670 1.3734 67,886 1.4730
-2
(ii) Perchloric acid = 3*3 x 10 M Solvent flow-time = 50.49secs.
0 215.93 4.2767 4.0959 1.9576 107,918 0.9266
15 164.46 3.2573 2.8216 1.6101 85,573 1.1964
30 148.26 2.9364 2.4205 1.4710 74,263 1.3465
45 136.17 2.6970 2.1212 1.3548 66,686 1.4995
60 126.81 2.5116 1.8895 1.2564 60,423 1.6549
75 120.15 2.3797 1.7246 1.1813 55,744 1.7939
90 114.56 2.2690 1.5862 1.1147 51,669 1.9353
105 109.71 2.1729 1.4661 1.0540 48,021 2.0824
120 105.27 2.0849 1.3561 0.9959 44,589 2.2427
135 102.56 2.0313 1.2891 0.9593 42,458 2.3552
150 99.66 1.9738 1.2172 0.9189 40,134 2.4916
165 96.79 1.9158 1.1447 0.8769 37,752 2.6488
195 92.87 1.8394 1.0492 0.8198 34,570 2.8011
(iii) Perchloric, acid <= 5*4 x 10 M Solvent flow-time* 53«32secs.
0 230.17 4.2767 4.0959 1.9576 107,918 0.9266
15 167.19 3.1065 2.6331 1.5469 79,314 1.2608
30 148.03 2.7505 2.1881 1.3818 68,429 1.4613
45 134.61 2.5011 1,8764 1.2506 60,059 1.6650
60 124.80 2.3188 1,6485 1.1451 53,520 1.8684
75 117.30 2.1795 1.4744 1.0583 48,277 2.0713
90 111.56 2.0728 1.3410 O.9878 44,115 2.2668
105 107.21 1.9920 1.2400 O.9319 40,879 2.4462
120 103.23 1.9180 1.1475 0.8786 37,848 2.6421
135 100.00 1.8580 1.0725 0.8340 35,355 2.8284
150 97.60 1.8134 1.0167 0.7998 33,471 2.9876
180 92.87 1.7256 0.9070 O .7303 29,719 3.3648
(iv) Perchloric acid = 7.2 X 10“2M Solvent flow-time= 53.82secs.
Time
(minutes)
Flow-time 
(secs) \ %el V° M Mn 1/M x 10? ' n
0 230.17 4.2767 4.0959 1.9576 107,918 0.9266
15 152.41 2.8318 2.2897 1.4216 71,018 1.4080
50 129.21 2.4008 1.7510 1.1956 56,504 1.7697
45 116.02 2.1557 1.4446 1.0429 47,560 2.1114
60 106.80 1.9844 1.2305 O.9265 40,569 2.4649
75 100.15 1.8608 1.0760 0.8361 55,472 2.8191
90 95.23 1.7694 0.9617 0.7654 31,601 5.1644
105 91.51 1.6966 0.8707 0.7066 28,464 5.5152
120 88.25 1.6397 0.7996 0.6591 25,988 5.8479
155 85.79 1.5940 0.7425 0.6198 23,980 4.1701
150 85.54 1.5522 0.6902 0.5829 22,130 4.5187
195 78.82 1.4645 0.5806 0.5027 18,235 5.4839
TABLE 7.51
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE TRIACETATE (0.8#/dl)
IN TETRACHLOROETHANE CONTAINING 2.116M ACETIC ANHYDRIDE AT 20° C
(i) Sulphuric acid - 2.O x  10“'2m Solvent flow-time= 50.49secs.
Time
(minutes)
Flow-time 
(secs) \el V c [»] Mn
1/M x 105 ' n
0 215.95 4.2767 4.0958 1.9576 107,918 O .9266
15 211.65 4.1919 3.9898 1.9551 106,155 O .9420
50 199.55 5.9483 3.6854 1.8587 100,844 0.9916
45 190.51 5.7752 3.4665 1.8013 96,790 1.0331
60 183.02 5.6249 1.7499 1.7499 95,194 1.0730
75 177.16 3.5088 3.1560 1.7078 90,272 1.1077
90 172.51 5.4167 3.0209 1.6751 87,881 1.1579
105 168.88 5.5448 2.9310 1.6452 85,969 1.1632
120 164.27 5.2535 2.8169 1.6086 83,477 1.1979
155 160.82 3.1852 2.7515 1.5804 81,568 1.2259
150 157.89 3.1271 2.6589 1.5558 79,911 1.2515
165 155.50 5.0758 2.5947 1.5556 78,423 1.2751
180 152.80 3.0263 2.5529 1.5118 76,968 1.2992
TABLE 7.51 continued
... VZ'X'-';.' •-
(ii) Sulphuric acid = 3.0 x 10 Solvent flow-time=53.82secs«
Time
(minutes)
Flow-time 
(secs) \el
Mn 1/M x 10?' n
0 . 230.17 4.2767 4.0959 1.9576 107,918 0.9266
15 189.45 3.5201 3.1501 1.7120 90,563 1.1042
- 30 174.69 3.2458 2.8072 1.6054 83,260 1.2010
45 164.21 3.0511 2.5639 1.5228 77,702 1.2869
60 156.26 2.9034 2.3792 1.4556 73,248 1.3652
75 149.48 2.7774 2.2217 1.3951 69,292 1.4431
90 144.59 2.6865 2.1081 1.3495 66,345 1.5072
105 140.61 2.6126 2.0157 1.3110 63,880 1.5654
120 137.21 2.5494 1.9367 1.2771 61,728 1.6199
135 134.06 2.4909 . 1.8636 1.2449 59,701 1.6750
150 131.30 2.4396 1.7995 1,2160 57,895 1.7272
165 128.47 2.3870 1.7337 .1.1856 56,009 1.7854
180 126.21 2.3450 1.6812 1.1608 54,482 1.8354
(iii) Sulphuric acid =* 4 .0 x 10“'2m Solvent flow-time= 50.49secs.
0 215.93 4.2767 4.0959 1.9576 107,918 0.9266
15 172.63 3.4191 3.0239 1.6740 87,943 1.1371
30 154.55 3.0570 2.5712 1.5253 77,869 1=2842
45 140.71 2.7869 2.2336 1.3998 69,59? 1.4368
60 129.08 2.5565 1.9456 1.2810 61,975 1.6135
75 122.45 2.4252 1.7815 1.2077 57,378 1.7428
90 115.80 2.2935 1.6169 1.1298 52,587 1.9016
105 111.41 2.2066 1.5082 1.0756 49,312 2.0279
120 107.47 2.1285 1.4106 1.0250 46,300 2.1598
135 102.85 2.0370 1.2962 0.9632 42,684 2.3427
150 99.90 1.9786 1.2232 0.9223 40,329 2.4796
165 97-64 1.9338 1.1672 0.8901 38,497 2.5976
180 95.12 1.8839 1.1048 0.8534 36,435 2.7446
(iv) Sulphuric acid = 6.0 x 10~2 Solvnet flow-time= 53.82secs.
0 230.17 4.2767 4.0959 1.9576 107,918 0.9266
15 157.85 2.9329 2.4161 1.4694 74,157 1.3484
30 134.58 2.5005 1.8756 1.2503 60,040 1.6655
45 120.28 2.2348 1.5435 1.0934 50,382 1.9848
60 109.89 2.0418 1.3022 0.9665 42,875 2.3324
75 103.09 1.9154 1.1442 0.8767 37,741 2.6496
90 97.27 1.8073 1.0091 0.7951 33,214 3.0107
105 93.61 1.7395 0.9241 0.7414 30,311 3.2991
120 90.40 1.6797 0.8496 0.6927 27,734 3.6056
135 87.OO 1.6165 O .7706 0.6392 24,966 4.0054
150 84.86 1.5767 0.7209 0.6047 23,219 4.3068
165 82.74 1.5373 0.6716 O .5696 21,472 4.6572
180 80.88 1.5028 0.6285 0.5383 19,942 5.0145
TABLE 7*52
• EFFECT OF' EEHCHLORIC; ACIB' OIf BEGRADATIOF OF CELLULOSE TRIACETATE (0.8g/dl) ’ ~
IN TETRACHLOROETHAHE CONTAINING- 2.116 M ACETIC ANHYDRIDE AT 30° C
(i) Perchloric acid = ,1.65.x
KAIO
Solvent ilow-time= 63.02secs
Time Flow-time r\ i j c b ] M 1/M x 11
(minutes) t \ rel (secs) spr n n
0 224.30 3.56OO 3.1998 1.7265 96,000 1.0417
15 213.59 3.3892 2.9865 1.6625 91,403 1.0940
30 207.41 3.2912 2.8640 1.6238 88,678 1.1276
45 201.13 3.1915 2.7394 1.5830- 85,826 1.1651
60 195.19 3.0973 2.6216 1.5429 83,043 1.2041
75 189.96 3.0143 2.5179 1.5064 80,527 1.2418
90 186.23 2.9551 2.4439 1.4796 78,691 1.2707
105 182.42 2.8946 2.3682 1.4515 76,776 1.3024
120 177.98 2.8222 2.2802 1.4180 74,507 1.3421
135 175.41 2.7834 2.2292 1.3981 73,166 1.3667
150 172.22 2.7328 2.1660 1.5729 71,476 1*3990
165 169.70 2.6928 2.1160 1.3527 70,128 1.4259
180 167.00 2.6499 2.0624 1.3306 68,659 1.4564
(ii) Perchloric acid = 3*3 x 10~5M Solvent flow-time= 88.04secs,
0 313.49 3.5600 3.1998 1.7265 96,000 1.0417
15 270.35 3.0708 2.5885 1.5314 82,248 1.2158
30 246.31 2.7977 2.2471 1.4051 73,637 1.3580
45 226.54 2.5731 1.9664 1.2899 65,973 1*5157
60 212.31 2.4115 1.7644 1.1999 60,118 1.6633
75 200.21 2.2741 1.5926 1.1178 54,885 1.8219
90 191.69 2.1773 1.4716 1.0568 51,067 1.9582
105 I84.94 2.1006 1.3757 1.0065 47,966 2.0848
120 178.79 2.0308 1.2885 O.959O 45,077 2.2184
135 173.82 1.9743 1.2179 0.9193 42,694 2.3422
150 169.31 1.9231 1.1539 0.8824 40,504 2.4688
165 165.94 1.8848 1.1060 0.8541 38,843 2.5744
180 163.08 1.8523 1.0654 0.8297 37,423 2.6721
(iii) Perchloric acid = 5*4 x u 0
1
Solvent flow-time= 63.02secs.
0 224.30 3.5600 3.1998 1.7265 96,000 1.0417
15 152.22 2.4154 1.7692 1.2020 60,253 1.6596
30 124.67 1.9783 1.2229 0.9222 42,867 2.3327
45 111.58 1.7705 0.9631 0.7663 33,790 2.9594
60 104.01 1.6504 0.8130 0.6681 28,331 3.5297
75 99.10 1.5725 0.7156 O.6OO9 24,720 4.0453
90 95.36 1.5132 0.6415 0.5478 21,952 4.5553
105 92.31 1.4648 0.5810 0.5031 19,678 5.0818
120 90.01 1.4283 0.5354 O.4685 17,957 5.5688
135 88.23 1.4000 0.5000 0.4412 16,624 6.0153
150 86.55 1.3734 0.4667 0.4150 15,366 6.5078
165 85.56 1.3577 0.4470 0.3994 14,628 6.8362
180 84.68 1.3437 0.4296 0.3854 13,972 7*1571
TABLE 7*52 continued
(iv) Perchloric acid = 7*2 X 0
1
!
Solvent flow~time= 88.04secs.
Time
(minutes)
Flow-time 
(secs) \el v° M Mn 1/M x  1 0 ?  . n
0 313.49 3.5600 3.1993 1.7265 96y000 1.0417
15 185.00 2.1013 1.3766 1.0069 47,990 2.0837
30 153.56 1.7442 0.9302 0.7453 32,605 3.0670
45 158.66 1.5749 0.7186 0.6030 24,834 4.0267
60 130.39 1.4810 0.6012 0.5181 20,435 4.8935
75 124.83 1.4179 0.5224 0.4585 17,466 5.7254
90 120.72 1.3712 O.464O 0.4129 15,266 6.5505
105 117.89 1.3391 0.4239 0.3808 13,759 7.2676
120 115.08 1.3071 0.3839 0.3482 12,264 8.1539
135 113.67 1.2911 0.3639 0.3317 11,522 8.6790
150 112.20 1.2744 0.3430 0.3142 107,47 9.3049
165 110.81 1.2586 0.3232 0.2975 10,019 9.9810
180 109.70 1.2460 0.3075 0.2842 9,447 10.5853
TABLE 7.53
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE TRIACETATE (0.8^/dl)
IN TETRACHLOROETHANE CONTAINING 2.116M ACETIC ANHYDRIDE AT 30°C
(i) Sulphuric acid = 2.0 x 10‘_2m Solvent flow-time=45*90secs.
Time
(minutes)
Flow-time
(secs) \el ”s/°
M , M n 1/M x 1fl5n
0 163.44 3.5600 3.1998 1.7265 96,000 1.0417
15 150.37 3.2760 2.8450 1.6177 88,251 1.1331
30 143.08 3.1172 2.6465 1.5515 83,638 1.1956
45 139.21 3.0329 2.5411 1.5147 81,098 1.2330
60 136.96 2.9839 2.4799 1.4927 79,587 1.2564
75 135.36 2.9490 2.4362 1.4768 78,500 1.2738
90 134.08 2.9211 2.4014 1.4639 77,620 1.2883
105 133.44 2.9072 2.3840 1.4574 77,177 1.2957
120 133.03 2.8982 2.3727 1.4532 . 76,892 1.3005
135 132.56 2.8880 2.3600 1.4484 76,565 1.3060
150 132.28 2.8819 2.3524 1.4456 76,375 1.3093
165 132.03 2.8164 2.3456 1.4430 76,199 1.3123
180 131.81 2.8717 2.3396 1.4407 76,043 1.3150
—2
(ii) Sulphuric acid = 3*0 x 10 M Solvent flow-time= 63.02secs.
Time
ninutes)
Plow-time
(secs) ^rel V c Mn 1/M x 10 ' n
0 224.50 3.5600 5.1998 1.7265 96,000 1.0417
15 191.87 3.0446 2.5557 1.5198 81,449 1.2277
50 172.12 2.7512 2.1640 1.3722 71,42.9 1.5999
45 160.14 2.5411 1.9264 1.2726 64,838 1.5425
60 152.82 2.4249 1.7811 1.2075 60,608 1.6499
75 147.41 2.5591 1.6759 1.1575 57,590 1.7424
90 142.61 2.2629 1.5786 1.1109 54,450 1.8365
105 159.09 2.2071 1.5089 1.0760 52,262 1.9154
120- 136.10 2.1596 1.4495 1.0454 50,361 1.9856
155 155.59 2.1198 1.5997 1.0192 48,745 2.0514
150 131.29 2.0835 1.5541 0.9949 47,257 2.1160
165 129.57 2.0528 1.3160 0.9741 45,991 2.1745
180 127.72 2.0266 1.2832 0.9560 44,896 2.2275
Lii) Sulphuric acid X
0
•
■*d\11 10“V Solvent fTow-time= 63.02secs.
,0 224.50 3.5600 5.1998 1.7265 96,000 1.0417
15 161.45 2.5616 1.9520 1.2837 65,565 1.5252
50 155.05 2.1430 1.4287 1.0345 49,687 2.0125
45 122.79 1.9484 1.1855 0.9007 41,587 2.4045
60 113.81 1.8059 1.0074 0.7941 55,575 2.8270
75 108.31 1.7187 0.8984 0.7247 51,451 5.1795
90 103.76 1.6465 0.8081 0.6648 28,151 5.5522
105 100.45 1.5959 0.7424 0.6197 25,722 3.8877
120 97.46 1.5465 0.6831 0.5778 25,509 4.2536
155 95.56 1.5163 0.6454 0.5506 22,097 4.5255
150 95.59 1.4851 O.6064 0.5220 20,635 4.8466
165 92.02 1.4602 0.5752 0.4987 19,457 5.1595
180 90.67 1.4587 0.5484 0.4784 18,456 5.4241
v) Sulphuric acid = 6.0 x 10~2M Solvent flow-time= 88.04secs.
0 515.49 3.5600 3.1998 1.7265 96,000 1.0417
15 203.05 2.3063 1.6329 1.1576 56,158 1.7813
50 175.95 1.9985 1.2481 0.9564 45,717 2.2874
45 159.04 1.8065 1.0081 0.7945 55,596 2.8251
60 148.65 1.6884 0.8605 0.6999 50,075 5.5250
75 141.58 1.6059 0.7574 0.6301 26,278 3.8054
90 136.24 1.5475 0.6844 0.5788 25,561 4.2445
105 151.97 1.4990 0.6237 0.5547 21,280 4.6992
120 129.45. 1.4701 O .5876 0.5080 19,925 5.0188
155 126.02 1.4514 0.5592 0.4714 18,100 5.5248
150 123.59 1.4058 0.5047 0.4448 16,798 5.9595
165 121.97 1.5854 0.4817 0.4268 15,950 6.2774
180 120.42 1.3678 0.4597 0.4095 15,105 6.6203
TABLE 7*54
--ON ‘ DEGRADATION: OF GELLTILOSE ■ TRIACTATE. ( 0 .8^/dl )
IN TETRACHLOROETKABE CONTAINING 2.116M ACETIC ANHYDRIDE AT 4Q°C
(i) Perchloric acid = 1.65 x 0
1 V*
l
Solvent flow-time= 75*85secs
Time
(minutes)
Flow-time
(secs) ^rel V *
W Mn 1/M x 1* ' n
0 248.46 3.2762 2.8452 1.6177 96,043 1.0412
15 219.65 2.8956 2.3695 1.4520 83,386 1.1992
50 201.21 2.6527 2.0659 1.3321 74,498 1.3423
45 185.48 2.4453 1.8066 1.2192 66,351 1.5071
60 174.67 2.3028 1.6285 1.1354 60,451 1.6542
75 167.20 2.2043 1.5054 1.0742 56,226 1.7785
90 161.19 2.1251 1.4064 1.0228 52,734 1.8963
105 156.52 2.0635 1.3294 0.9815 49,967 2.0013
120 152.46 2.0100 1.2625 0.9445 47,518 2.1045
135 148.88 1.9628 1.2035 0.9111 45,333 2.2059
150 146.35 1.9295 '1*1619 0.8871 43,778 2.2842
165 143.87 1.8968 1.1210 0.8630 42,229 2.3680
180 141.92 1.8711 1.0889 0.8439 41,011 2.4384
(ii) Perchloric acid = 3.3 x 10“5M Solvent flow-time= 75.85secs,
0 248.46 3.2762 2.8452 1.6177 96,043 1.0412
15 153.50 2.0237 1.2796 0.9540 48,144 2.0771
30 128.19 1.6900 0.8625 .0.7012 32,188 3.1067
45 117.19 1.5450 0.6812 0.5765 24,916 4.0135
60 111.16 1.4655 0.5819 0.5P37 20,884 4.7883
75 IO7.3I 1.4148 0.5185 0.4555 18,310 5.4615
90 104.41 1.3765 0.4705 0.4181 16,369 6.1091
105 102.60 1.3527 0.4409 0.3945 15,172 6.5911
120 100.81 1.3291 0.4114 0.3707 13,986 7.1501
135 99.73 1.3148 0.3935 0.3561 13,270 7.5358
150 98.62 1.3002 0.3752 0.3411 12,544 7.9719
165 98.02 1.2923 0.3654 0.3330 12,156 8.2264
180 97.41 1.2842 0,3552 0.3245 11,752 8.5092
(iii) Perchloric acid = 5*4 x 10~5M Solvent flow-time= 89.89secs,
0 294.60 3.2762 2.8452 1.6177 96,043 1.0412
15 160.89 1.7898 0.9872 0.7815 37,091 2.6961
30 130.62 1.4531 0.5664 0.4921 20,257 4.9366
45 118.94 1.3232 0.4040 0.3647 13,691 7.3041
60 113.72 1.2651 0.3314 0.3045 10,814 9.2473
75 110.07 1.2245 0.2806 0.2610 8,839 11.3135
90. 108.12 1.2028 0.2535 0.2375 7,813 12.7990
105 106.52 1.1850 0.2312 0.2178 6,977 14.3328
120 105.47 1.1733 0.2166 0.2048 6,437 15.5350
135 104.34 1.1607 0.2009 0.1907 5,864 17.0530
150 103.56 1.1521 0.1901 0.1809 5,473 18.2715
165 103.00 1.1458 0.1822 0.1738 5,194 19.2529
180 102.52 1.1405 0.1756 0.1677 4,957 . 20.1735
continued^ , 
(iv) Perchloric acid = 7.2 x 10”’5M Solvent flow-time= 89.89secs.
Time Flow-time /0 w M 1/M x 105
(minutes) (secs) rel 8p n n
0 294.60 3.2762 2.8452 1.1677 96,043 1.0412
15 132.93 1.4788 0.5985 ■ 0.5161 21,559 4.6348
30 115.86 1.2889 0.3611 0.3294 11,984 8.3444
45 110.16 1.2255 0.2819 0.2622 8,893 11.2448
60 107.47 1.1956 0.2445 0.2295 7,471 13.3850
75 105.49 1.1735 0.2169 0.2050 6,446 15.5135
90 -- 104.21 1.1593 0.1991 0.1891 5,800 17.2414
105 103.25 1.1486 0.1857 0.1769 5,315 18.8147
120 • 102.46 1.1398 0.1747 0.1669 4,926 20.3004
135 102.10 1.1358 0.1697 0.1623 4,749 21.0571
150 101.54 1.1296 0.1620 0.1553 4,483 22.3065
165 101.23 1.1261 0.1576 0.1512 4,329 23.1000
180 100.86 1.1220 0.1525 0.1465 4,154 24.0732
TABLE 7.55
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE TRIACETATE (0.8^/dl)
IN TETRACHLOROETHANE CONTAINING 2.116M ACETIC ANHYDRIDE AT 40°C
(i) Sulphuric acid = 2.0 x 10““2m Solvent flow-time■ 75*85secs.
Time
(minutes)
Flow-time 
(secs) W v° [l] Mn 1/M x 105 n
0 248.46 3.2762 2.8452 1.6177 96,043 1.0412
15 172.16 2.2697 1.5871 1.1151 59,042 1.6937
30 150.86 1.9889 1.2361 O.92965 46,540 2.1487
• 45 140.82 1.8566 1.0707 0.8329 40,313 2.4806
60 135.89 1.7916 0.9895 0.7829 37,178 2.6898
75 132.85 1.7515 0.9394 0.7512 35,222 2,8391
90 130.07 1.7148 O .8935 0.7216 33,418 2.9924
105 128.49 1.6940 0.8675 0.7045 32,386 3.0877
120 127.47 1.6805 0.8506 0.6933 31,715 3.1530
135 126.33 1.6655 O .8319 0,6809 30,975 3.2284
150 125.73 1.6576 0.8220 0.6742 30,577 3.2704
165 125.17 1.6502 0.8127 0.6679 30,204 3.3108
180 124.82 1.6456 0.8070 0.6641 29,979 3.3356
TABLE 7.55 
(1 i) v‘SulphU
continued 
rib acid' = 5.0 x T0~ IfT Solvent" flow-time^ 75.85secs.
Time. Plow-time M M 1/M x 105
(minutes) (secs) rel By n n
0 248.46 3.2762 2.8452 1.6177 96,000 1.0412
15 154.50 2.0369 1.2961 0.9632 48,752 2.0512
30 133.53 1.7604 0.9505 0.7583 35,658 2.8044
45 125.79 1.6584 0.8230 0.6749 30,618 3.2660
60 121.11 1.5967 0.7459 0.6221 27,524 3.6332
75 117.51 1.5492 0.6865 0.5803 25,131 3.9791
90 115.30 1.5201 0.6501 0.5540 23,652 4.2280
105 113.82 1.5006 0.6257 0.5362 22,664 4.4123
120 112.92 1.4887 0.6109 0.5253 22,063 4.5325
135 111.94 1.4758 0.5947 0.5133 21,406 4.6716
150 111.51 1.4701 0.5876 0.5080 21,118 4.7353
165 111.13 1.4651 0.5814 0.5034 20,868 4.7920
180 110.85 1.4614 0.5767 0.4998 20,673 4.8372
(iii) Sulphuric acid == 4.0 x 10'“2m Solvent flow-time= 75*85secs.
0 248.46 3.2762 2.8452 1.6177 96,043 1.0412
15 136.77 1.8032 1.0040 0.7920 37,744 2.6494
30 117.43 1.5482 0.6852 0.5794 25,080 3.9872
45 110.76 1.4602 0.5752 0.4987 20,613 4.8513
60 106.34 1.4020 0.5025 0.4431 17,661 5.6622
75 102.15 1.3467 0.4334 0.3885 14,871 6.7245
90 100.53 1.3254 O.4067 0.3667 13,789 7.2522
105 99.11 1.3067 0.3834 0.3478 12,867 7.7718
120 98.37 1.2969 0.3711 0.3377 12,381 8.0769
135 97.55 1.2861 0.3576 0.3265 11,847 8.4409
150 97.30 1.2828 0.3535 O.3230 11,681 8,5609
165 97.09 1.2800 0.3500 O.3201 11,544 8.6625
180 96.89 1.2774 0.3467 0.3174 11,417 8.7589
(iv) Sulphuric acid = 6.0 x 10 1
?
‘M Solvent flow-time= 89.89secs.
0 294.60 3.2762 2.8452 1.6177 96,043 1.0412
15 136.42 1.5176 0.6470 0.5518 23,530 4.2499
30 121.28 1.3492 O.A365 0.3910 14,996 6.6684
45 115.76 1.2878 0.3597 0.3282 11,927 8.3834
. 60 110.85 1.2332 0.2915 O.2705 9,263 10.7956
75 109.10 1.2137 0.2671 0.2493 „ 8,325 12.0120
90 108.80 1.1204 0.2630 0.2458 8,172 12.2369
105 108.05 1.2020 0.2525 0.2366 7,775 12.8617
120 107.63 1.1973 0.2466 0.2314 7,552 13.2415
135 106.96 1.1899 0.2374 0.2233 7,208 13.8735
150 106.75 1.1875 0.2344 0.2206 7,094 14.0964
165 106.53 1.1851 0.2314 0.2179 6,981 14.3246
180 106.36 1.1832 0.2290 0.2158 6,893 14.5074
TABLE 7.56
EFFECT;- OF PERCHLORIC' AC IB ■QN: : DEGRADATION OF CELLULOSE: TRIACETATE. ( 0 .8g/dl)
IN TETRACHLOROETHANE CONTAINING 2,116 M ACETIC ANHYDRIDE AT 5Q°C
(i) Per chi 0:ric acid= 1.65 x 10”5M Solvent flow-t.ime= 65.70secs
Time
(minutes)
Flow-time 
(secs) Vl T) /c’sp' M Mn 1/M x K ' n
0 190.57 2.9006 2.3757 1.4543 89,241 1.120615 158.79 2.4169 1.7711 1.2031 70,083 1.4269
30 139.00 2.1157 1.3946 1.0166 56,555 1.7682
45 127.75 1.9444 1.1805 0.8979 48,281 2.0712
60 120.82 1.8389 1.0487 0.8195 42,977 2.3268
75 116.20 1.7686 O.96O8 O .7648 39,356 2.5409
90 112.67 1.7149 0.8936 0.7204 36,469 2.7420
105 109.95 1.6735 0.8418 0.6880 34,393 2.9076
120 107.60 1.6378 0.7973 0.6576 32,469 3.0799
135 105.81 1.6104 0.7630 0.6336 30,967 3.2292
150 104.28 1.5872 0.7541 0.6141 29,758 3.3604
165 103.11 1.5694 0.7118 0.5981 28,774 3.4754
180 102.05 1.5533 0.6917 0.5842 27,925 3.5810
(ii) Perchloric acid «* 3.3 x 10"5M Solvent flow-time= 77.74secs,
0 225.47 2.9003 2.3754 1.4543 89,241 1.1206
15 147.89 1.9024 1.1280 0.8671 46,181 2.1653
30 121.86 1.5676 . 0.7094 O .5966 28,628 3.4865
45 111.21 1.4305 0.5381 0.4706 21,201 4.7168
60 105.91 1.3623 0.4529 0.4041 17,461 5.7271
75 102.37 1.3168 O.396O 0.3582 14,975 6.6778
90 100.03 1.2873 0.3592 0.3278 13,375 7.4766
105 98.46 1.2666 0.3332 0.3061 12,258 8.1579
120 97.12 1.2493 0.3116 0.2877 11,327 8.8285
135 96.08 1.2359 0.2949 0.2734 10,615 9.4206
150 95.19 1.2245 0.2806 0.2611 10,010 9.9900
165 94.64 1.2174 0.2718 0.2534 9,636 10.3777
180 94.12 1.2107 0.2634 0.2461 9,283 10.7723
(iii) Perchloric acid * 5*4 x 10-5 Solvent flow~time= 65»70secs,
0 190.57 2.9006 2.3757 1.4543 89,241 1.1206
■15 105.63 1.6077 0.7597 0.6317 30,849 3.2416
30 89.44 1.3614 0.4518 0.4032 17,412 5.7431
45 84.14 1.2807 O.3509 0.3209 13,018 7.6817
60 81.66 1.2429 0.3036 0.2809 10,987 9.1017
75 79.83 1.2151 0.2689 0.2509 9,515 10,5097
90 78.66 1.1973 0.2466 0.2314 8,583 11.6509
105 77.78 1.1838 O.2297 0.2165 7,885 12.6823
120 77.05 1.1728 0.2160 0.2043 7,324 13.6537 ’
135 76.72 1.1678 0.2097 0.1986 7,064 14.1562
150 76.22 1.1602 0.2002 0.1901 6,681 14.9678
165 75.93 1.1558 0.1947 0.1851 6,458 15.4847
180 75.60 1.1506 0.1883 0.1793 6,202 16.1238
/
TABLE 7*56 continued
(iv) Perchloric acid = 7.2 X 10^U Solvent flow~time= 77.74secs,
Time
‘(minutes)
Flow-time 
(secs) \el v° [n] Mn h1/M x 10 7 n
0 ' 225.47 2.9003 2.3754 1.4543 89,241 1.1206
15 108.16 1.3913 O.4891 0.4327 19,050 5.2493
30 96.28 1.2385 0.2982 0.2762 10,753 9.2997
45 92.26 1.1868 0.2335 0.2198 8,039 12.4393
. 60 90.35 1.1622 0.2028 0.1924 6,785 14.7383
75 88.94 1.1441 0.1801 0.1719 5,877 17.0155
90 88.03 1.1324 0.1655 0.1585 5,300 18.8679
105 87.34 1.1235 0.1544 0.1483 4,870 20.5338
120 86.78 1.1163 0.1453 0.1399 4,521 22.1190
135 86.44 1.1119 0.1399 0.1349 4,316 23.1696
150 86.13 1.1079 0.1349 0.1302 4,126 24.2365
165 85.90 1.1050 0.1312 0.1268 3,989 25.0689
180 85.64 1.1016 0.1269 0.1228 3,829 26.1165
'
TABLE 7.57
EFFECT OF SULPHURIC ACID ON DEGRADATION OF CELLULOSE TRIACETATE (0.8g/dl)
IN TETRACHLOROETHANE AT 50°C CONTAINING 2.116 M ACETIC ANHYDRIDE
(i) Sulphuric acid = 2.0 x 10~2m Solvent flow-time= 65.70secs.
Time
(minutes)
Flow-time 
(secs) \el
Mn 1/M x 10? ‘ n
0 190.57 2.9006 2.3757 1.4543 89,241 1.1206
15 150.12 2.2849 1.6061 1.1245 64,310 1.5550
30 148.26 2.2566 1.5707 1.1070 63,038 1.5863
45 146.60 2.2314 1.5392 1.0912 61,894 1.6157
60 145.61 2.2163 1.5204 1.0818 61,215 1.6336
75 144.22 2.1951 1.4939 1.0683 60,244 1.6599
90 142.80 - 2.1735 1.4469 1.0544 59,247 1.6878
105 142.02 2.1616 1.4520 1.0467 58,696 1.7037
120 140.76 2.1425 1.4281 1.0342 57,805 1.7299
135 139.00 2.1157 1.3946 1.0165 56,548 1.7684
150 138.07 2.1015 1.3769 1.0071 55,882 1.7895
240 131.55 2.0023 1.2529 0.9391 51,121 1.9562
TABLE 7.57 continued
(ii) Sulphuric acid = 3*0 x 10 r^ M Solvent flow-time= 77•74secs.
Time
(minutes)
Flow-time
(secs) \el V °
1—
1
1—
1
Mn 1/m  x 105
0 225.47 2.9003 2.3754 1.4543 89,241 1.1206
15 160.78 2.0682 1.3352 0.9846 54,297 1.8417
30 152.52 1.9619 1.2024 0.9105 49,146 2.0347
45 150.38 1.9344 1.1680 0.8906 47,782 2.0928
60 147.87 1.9021 1.1276 O.8669 46,168 2.1660
75 146.86 1.8891 1.1114 0.8573 45,518 2.1969
90 146.04 1.8786 1.0982 0.8494 44,984 2.2230
103 145.06 1.8660 1.0825 0.8400 44,351 2.2547
120 144.17 1.8545 1.0681 0.8313 43,766 2.2849
135 143.23 1.8424 1.0530 0.8221 43,150 2.3175
150 142.42 1.8320 1.0400 0.8142 42,623 2.3461
240 139.18 1.7903 0.9879 0.7819 40,482 2.4703
(iii) Sulphuric acid = 4*0 X
-2
10 M Solvent flow-time= 65.70secs.
0 190.57 2.9006 2.3757 1.4543 89,241 1.1206
15 120.90 1.8402 1.0502 0.8204 43,037 2.3236
30 114.93 1.7493 0.9366 0.7494 38,350 2.6076
45 112.12 1.7065 O .8831 0.7148 36,108 2.7695
60 110.26 1.6782 0.8477 0.6914 34,609 2.8894
75 109.21 1.6623 0.8279 0.6782 33,770 2.9612
90 107.56 1.6371 0.7964 0.6569 32,425 3.O840
105 106.34 1.6186 0.7732 0.6410 31,428 3.1819
120 105.22 1.6015 0.7519 0.6263 30,513 3.2773
135 104.07 1.5840 0.7300 0.6110 29,567 3.3821
150 103.26 1.5717 0.7146 0.6002 28,902 3.4599
165 102.60 1.5616 O .7020 0.5913 28,358 3.5263
240 99.01 1.5070 0.6337 0.5421 25,387 3.9390
(iv) Sulphuric acid = 6.0 x 10”2M Solvent flow-time= 77.74secs.
0. : 225.47 2.9003 2.3754 1.4543 89,241 1.1206
15 120.02 1.5439 0.6799 0.5755 27,396 3.6551
30 110.86 1.4260 0.5325 0.4663 20,955 4.7721
45 108.46 1.3952 0.4940 0.4365 19,264 5.1910
60 106.81 1.3739 0.4674 0.4156 18,097 5.5258
75 106.14 1.3653 0.4566 0.4070 17,621 5.6750
90 105.61 1.3585 0.4481 0.4003 17,252 5.7964
105 105.27 1.3541 0.4426 0.3959 17,011 5.8785
120 104.66 1.3463 0.4329 0.3881 16,585 6.0295
135 104.46 1.3437 0.4296 0.3854 16,438 6.O835
150 104.12 1.3393 0.4241 0.3810 16,200 6.1728
240 99.98 1.2861 0.3576 0.3265 13,308 7.5142
TABLE.7-58
EFFECT OF ACETIC ANHYPRIIE ON DEGRADATION OF CELLULOSE TRIACETATE (Q.48g/dl)
IN METHYLENE CHLORIDE CONTAIN BIG 3.0x1Q~2M ANTIMONY FENTACHLORIBE AT 30° C
(i) Acetic anhdride = 1.058M Solvent flow-time= 56.85secs.
Time
(minutes)
Flow-tirae
(secs) W v° Mn 1/M x 105 ' n
15 123.60 2.1741 2.4460 1.7580 85,003 1.1764
30 116,27 2.0452 2.1775 1.6149 78,048 1.2813
45 110.76 1.9483 1.9756 1.5011 72,520 1.3789
60 106.24 1.8688 1.8100 1.4035 67,781 1.4753
75 . 102.65 1.8056 1.6783 1.3230 63,873 1.5656
90 99.23 1.7455 1.5531 1.2440 60,039 1.6656
105 96.46 1.6967 1.4514 1.1779 56,832 1.7596
120 . 94.08 1.6549 1.3644 1.1199 54,019 1.8512
135 92.24 1.6225 1.2969 1.0740 51,794 1.93P7
150 90.31 1.5886 1.2262 1.0251 49,423 2.0233
165 88.61 1.5587 1.1639 0.9812 47,296 2.1143
180 87.23 1.5344 1.1133 0.9450 45,542 1.1356
(ii) Acetic anhydride = 2.116M Solvent flow~time= 68.74secs.
15 155.04 2.2555 2.6156 1.8439 89,179 1.1213
30 147.54 2.1463 2.3881 1.7279 83,540 1.1970
45 141.60 2.0599 2.2081 1.6316 78,860 1.2681
60 136.49 1.9856 2.0533 1.5455 74,677 1.3391
75 132.56 1.9284 1.9342 1.4771 71,355 1.4014
90 128.75 1.8730 1.8187 1.4037 68,033 1.4699
105 125.60 1.8272 1.7233 1.3508 65,222 1.5332
120 123.01 1.7895 1.6448 1.3021 62,859 1.5908
135 120.26 1.7495 1.5614 1.2493 60,296 1.6585
150 118.51 1.7240 1.5083 1.2151 58,637 1.7054
165 115.93 I.6865 1.4302 1.1639 56,153 1.7808
180 114.53 1.6661 1.3877 1.1356 54,781 1.8254
(iii) Acetic anhydride - 3.174M Solvent floW“time= 67*67secs.
15 159.76 2.3609 2.8352 1.9504 94,358 1.0598
30 152.00 2.2462 2.5962 1.8342 88,707 1.1273
45 145.61 2.1518 2.3996 1.7339 83,831 1.1929
60 140.65 2.0785 2.2469 1.6527 79,885 1.2518
75 135.04 1.9956 2.0742 1.5574 75,255 1.3288
90 131.29 1.9402 1.9587 1.4913 72,044 1.3880
105 127.71 1.8872 1.8483 1.4264 68,893 1.4515
120 124.90 1.8457 1.7619 1.3744 66,368 1.5067
135 122.28 1.8070 1.6812 1.3248 63,960 1.5635
150 120.11 1.7749 1.6144 1.2830 61,932 1.6147
165 117.98 1.7435 1.5489 1.2413 59,908 1.6692
180 116.17 1.7167 1.4931 1.2052 58,157 1.7195
(iv) Acetic anhydride = 4.232M Solvent flor/-time= 81.86sees.
Time
(minutes)
Flow-time
(secs) ^rel
09 O M Mn 1/M x 105 n
15 202,38 3.0673 3.0673 2.0575 99,568 1.0043
30 192.10 2.3467 2.8056 1.9364 93,677 1.0675
45 184.49 2.2537 2.6119 1.8421 69,091 1.1224
60 178.35 2.1787 2.4556 1.7629 85,241 1.1731
75 172.26 2.1043 2.3006 1.6816 81,289 1.2301
90 168.20 2.0547 2.1972 1.6257 78,573 1.2727
105 164.13 2.0050 2.0937 1.5683 75,784 1.3195
120 160.67 1.9627 2.0056 1.5184 73,360 1.3631
135 157.49 1.9239 1.9248 1.4716 71,087 1.4067
150 154.81. 1.8912 1.8567 1.4315 69,140 1.4463
165 152.20 1.8593 1.7902 1.3916 67,203 1.4880
180 150.04 1.8329 1.7352 1.3581 65,577 1.5249
TABLE 7.59
EFFECT OF BENZENE ON DEGRADATION OF CELLULOSE TRIACETATE (0.48 g/dl) IN 
METHYLENE CHLORIDE CONTAINING 2.116m ACETIC ANHYDRIDE AMD 2.6x10“2M
ANTIMONY FENTA CHLORIDE AT 30 C
(i) Benzene = 1.058M Solvent flow-time- 75o3secs.
Time
(minutes)
Flow-time 
(secs) ^rel G
O 0 Mn 1/M x 105 ' ni
15 165.21 2.1873 2.4735 1.7721 85,688 1.1670
30 159.51 2.1119 2.3164 1.6900 81,698 1.2240
45 154.40 2.0442 2.1754 1.6137 77,990 1.2822
60 149.88 1.9844 2.0508 1.5441 74,609 1.3403
75 145.80 1.9304 1.9383 1.4795 71,471 1.3992
90 142.34 1,8845 1.8427 1.4231 68,732 1.4549
105 138.93 1.8394 1.7487 1.3664 65,980 1.5156
120 136.16 1.8027 1.6723 1.3193 63,693 1.5700
135 133.37 1.7658 1.5954 1.2710 61,349 1.6300
150 131.00 1.7344 1.5300 1.2291 59,311 1.6860
165 128.74 1.7045 1.4677 1.1886 57,351 1.3852
180 126.58 1.6759 1.4081 1.1492 55,440 1.8037
TABLE 7.59 continued
(xij* Beiizene - 2‘. T T -68$23secs.
Time
(minutes)
Flow-time 
(secs) ’Vel v° M Mn 1/M x 7 n
15 158.55 2.3237 2.7577 1.9134 92,559 1.0804
30 153.38 2.2480 2.6000 1.8362 88,805 1.1261
45 149.47 2.1907 2.4806 1.7758 85,868 1.1646
60 146.39 2.1455 2.3864 1.7270 83,496 1.1977
75 141.60 2.0753 2.2402 1.6491 79,710 1.2545
90 138.81 2.0344 2.1550 1.6025 77,446 1.2912
105 135.82 1.9906 2.0637 1.5514 74,963 1.3340
120 133.06 1.9502 1.9796 1.5034 72,632 1.3768
135 131.54 1.9279 1.9331 1.4764 71,321 1.4021
150 129.02 1.8909 1.8560 1.4310 69,116 1.4468
165 126.51 1.8542 1.7796 1.3852 66,892 1.4949
180 124.39 1.8231 1.7248 .1.3456 64,970 1.5392
(iii) Benzene = 3.174M Solvent flow-time= 79*66secs.
15 181.81 2.2823 2.6714 1.8715 90,521 1.1047
30 177.65 2.2301 2.5627 1.8175 87,895 1.1377
45 173.44 2.1772 2.4525 1.7613 85,163 1.1742
60 170.11 2.1354 2.3654 1.7160 82,961 1.2054
75 166.76 2.0934 2.2779 1.6694 80,697 1.2392
90 163.80 2.0562 2.2004 1.6274 78,656 1.2713
105 160.89 2.0197 2.1244 1.5855 76,620 1.3051
120 158.18 1.9857 2.0535 1.5456 74,682 1.3390
135 156.02 1.9586 1.9971 1.5135 73,122 1.3676
150 153.75 1.9301 1.9377 1.4791 71,452 1.3996
165 151.63 1.9035 1.8823 1.4466 69,873 1.4312
180 149.43 1.8758 1,8246 1.4123 68,208 1.4661
(iv) Benzene = 4.232M Solvnet flow-time= 76.25secs.
15 176.14 2.3100 2.7292 1.8997 91,892 1,0882
30 172.45 2.2616 2.6283 1.8502 89,485 1.1175
45 169.02 2.2166 2.5346 1.8033 87,205 1.1467
60 . 165.82 2.1747 2.4473 1.7586 85,032 1.1760
75 163.08 2.1387 2.3723 1.7196 83,136 1.2028
90 160.33 2.1027 2.2973 1.6798 81,202 1.2315
105 157.76 2.0690 2.2271 1.6420 79,365 1.2600
120 155.41 2.0382 2.1629 1.6069 77,660 1.2876
135 153.20 2.0092 2.1025 1.5732 76,022 1.3154
150 151.23 1.9833 2.0485 1.5428 74,546 1.3414
165 149.24 1.9572 1.9942 1.5118 73,040 1.3691
180 147.21 1.9306 1.9387 1.4797 71,481 1.3990
1 TABLE 7.60
5?PECTV0E^GAKBQ^ TETRACHLOBIBE" ON • DEGRADATION: OP:CELLULOSE TRIACETATE
(0.48g/ai) IN METHYLENE CHLORIDE CONTA3MING 2.116?>T ACETIC ANHYDRIDE 
M B  2.6x10“2M MTIMONY PENTACHLORIDE AT 50° C
(i) Carbon tetrachloride= 1.058M Solvent flow-time= 70.20secs.
Time
(minutes)
Plow-time 
(secs) Vl V° ■M Mn 1/M x 10? ' n
15 165.31 2.3648 2.8225 1.9444 94,066 1.0631
30 159.92 2.2781 2.6627 1.8672 90,312 I.IO72
45 154.87 2.2061 2.5127 1.7922 86,665 1.1539
60 150.45 2.1432 2.3817 1.7245 83,374 1.1994
75 146.78 2.0909 2.2727 1.6666 80,561 1.2413
90 143.13 2.0389 2.1644 1.6077 77,699- 1.2870
105 139.86 1.9923 2.0673 1.5535 75,065 1.3322
120 136.94 1.9507 1.9806 1.5040 72,661 1.3762
135 134.19 1.9115 1.8989 1.4564 70,349 1.4215
150 131.93 1.8793 1.8319 1.4167 68,422 1.4615
165 129.48 1.8444 1.7592 1.3728 66,290 1.5085
180 127.78 1.8202 1.7087 1.3418 64,785 1.5436
(ii) Carbon tctrachloride= 2.,116m Solvent flow-time= 65*15secs..
15 151.80 2.3300 2.7708 1.9197 92,865 1.0768
30 147.61 2.2657 2.6369 1.8545 89,694 1.1149
45 143.54 2.2032 2.5067 1.7891 86,515 1.1559
60 140.10 2.1504 2.3967 1.7324 83,758 1.1939
75 136.90 2.1013 2.2944 1.6783 81,129 1.2326
90 134.02 2.0571 2.2023 1.6285 78,709 1.2705
105 131.27 2.0149 2.1144 1.5799 76,348 1.3098
120 128.97 1.9796 2.0408 1.5384 74,332 1.3453
135 126.88 1.9475 1.9739 1.5001 72,472 1.3798
150 124.70 1.9240 1.9042 1.4595 70,500 1.4184
165 122.61 1.8820 1.8375 1.4200 68,582 1.4581
180 120.77 1.8537 1.7785 1.3845 66,858 1.4957
(iii) Carbon tetrachloride= 3.174M Solvent flow-time= 74.69secs
15 170.21 2.2789 2.6644 1.8680 90,351 1.1068
30 166.07 2.2234 2.5487 1.8104 87,550 1.1422
45 162.48 2.1754 2.4487 1.7594 85071 1.1755
60 159.14 2.1307 2 .*3556 1.7108 82,709 1.2090
75 156.61 2.0968 2.2850 1.6732 80,881 1.2364
90 153.30 2.0525 2.1927 1.6232 78,452 1.2747
105 150.69 2.0175 2.1198 1.5829 76,494 1.3073
120 148.14 1.9834 2.0487 1.5429 74,550 1.3414
135 145.90 1.9534 1.9862 1.5072 72,816 1.3733
150 143.96 1.9274 1.9321 1.4759 71,296 1.4026
165 141.79 1.8984 1.8717 1.4404 69,572 1.4373
180 140.02 1.8747 1.8223 1.4109 68,140 1.4676
TABLE 7.60 continued
(iv)‘vCarbon tetrachIo'ricfe*4* Solvent flow-iime= 70*94secs.
Time
(minutes)
Flow-time
(secs) \el v° M Mn 1/M x 10? n
15 161.63 2.2784 2.6684 1.8675 90,326 1.1071
30 158.19 2.2299 2.5623 1.8173 87,886 1.1378
45 156.00 2.1990 2.4979 1.7846 86,296 1.1588
60 153.47 2.1634 2.4237 1.7464 84,439 1.1843
75 151.11 2.1301 2.3544 1.7102 82,679 1.2095
90 148.63 2.0951 2.2815 1.6714 80,794 1.2377
105 146.78 2.0691 2.2.73 1.6421 79,370 1.2599
120 144.83 2.0416 2.1700 1.6107 77,844 1.2846
135 143.02 2.0161 2.1169 1.5813 76,416 1.3086
150 140.97 . 1.9872 2.0567 1.5475 74,774 1.3374
165 139.65 1.9686 2.0179 1.5254 73,700 1.3568
180 138.25 1.9488 1.9767 1.5017 72,549 1.3784
TABLE 7.61
EFFECT OF CONCENTRATION OF CELLULOSE TRIACETATE ON ITS DEGRADATION IN 
METHYLENE CHLORIDE CQNTAINNING 2.116M ACETIC ANHYDRIDE AND 4.44x10~2M
ANTIMONY PENTACHLORIDE AT 25° C
(i) CTA = 0.32g/dl
Time
Lnutes)
Flow-time
(secs) \el V c Mn 1/M x / n
15 129.15 1.8030 2.5894 1.9799 87,122 1.1478
30 122.24 1.7065 2.2078 1.7873 78,903 1.2674
45 116.81 1.6307 1.9709 1.6288 72,119 1.3866
60 112.69 1.5732 1.7912 1.5041 66,767 1.4977
75 108.81 1.5190 1.6219 1.3829 61,551 1.6247
90 106.13 1.4816 1.5050 1.2970 57,846 1.7287
105 103.80 1.4491 1.4034 1.2209 54,553 1.8331
120 101.68 1.4195 1.3109 1.1502 51,496 1.9419
135 99.69 1.3917 1.2241 1.0829 48,576 2.0586
150 98.20 1.3709 1.1591 1.0317 46,350 2.1575
165 96.94 1.3533 1.1041 0.9879 44,444 2.2500
180 95.68 1.3358 1.0494 0.9439 42,526 2.3515
TABLE 7,61 continued 
(ii) CTA = 0.48g/dl Solvent flow~time=65«57secs.
Time
(minutes)
Flow-time
(secs) \el v °
h ! Mn 1/M x n
15 147.16 2.2443 2.5923 1.8529 80,852 1.2568
30 157.00 2.0894 2.2696 1.6654 73,688 1.3571
45 128.40 1.9582 1.9962 1.5134 67,167 1.4888
60 121.97 1.8601 1.7919 1.3930 61,987 1.6152
75 116.57 1.7778 1.6204 1.2871 57,419 1.7416
90 112.52 1.7130 1.4854 1.2004 53,670 1.8652
105 108.75 1.6585 1.3719 1.1252 50,412 1.9856
120 105.62 1.6108 1.2725 1.0574 47,468 2.1067
135 105.05 1.5713 1.1902 1.0000 44,971 2.2256
150 100.80 1.5373 1.1194 0.9495 42,770 2.5581
165 98.72 1.5056 1.0533 0.9015 40,675 2.4585
180 96.96 1.4787 0.9973 0.8602 38,870 2.5727
(iii) CTA = 0.64g/dl Solvent flow-time=65*57secs
15 193.65 2.9533 5.0520 1.8492 81,548 1.2265
30 176.59 2.6901 2.6408 1.6898 74,733 1.5381
45 165.41 2.4921 2.5514 1.5575 69,061 1.4480
60 152.89 2.3317 2.0808 1.4415 64,075 1.5607
75 144.96 2.2108 1.8919 1.3485 60,060 1•665O
90 158.02 2.1049 1.7264 1.2621 56,339 1.7750
105 152.27 2.0172 1.5894 1.1875 53,105 1.8851
120 127.34 1.9420 1.4719 1.1204 50,205 1.9919
135 125.16 1.8785 1.3725 1.0617 47,655 2.0984
150 119.82 1.8275 1.2926 1.0154 45,554 2.1952
165 116.47 1.7765 1.2150 0.9658 43,394 2.5045
180 115.62 1.7328 1.1450 0.9204 41,501 2.4096
(iv) CTA = 0.8g/dl Solvent flow-time==59.05secs.
15 144.17 5.6938 3.3672 1.7741 78,339 1.2765
30 128.82 5.3005 2.8756 1.6275 72,064 1.5876
45 117.17 5.0020 2.5025 1.5009 66,629 1.5008
60 108.15 2.7709 2.2156 1.3919 61,939 1.6145
75 101.08 2.5898 1.9873 1.2989 57,928 1.7265
90 •96.45 2.4712 1.8590 1.2539 55,119 1.8142
105 90.85 2.5277 1.6596 1.1504 51,504 1.9416
120 86.82 2.2244 1.5305 1.0869 48,749 2.0515
135 85.52 2.1599 1.4249 1.0526 46,590 2.1556
150 80.62 2.0656 1.5320 0.9829 44,226 2.2611
165 78.10 2.0010 1,2512 0.9582' 42,278 2.5653
180 75.87 1.9439 1.1799 0.8975 40,501 2.4691
C H A P T E R  8
■ EVALUATION OF KINETIC PARAMETERS IN THE RATE EQUATION AND DISCUSSION
OF RESULTS
The? iii> Cha^e^T- 'show* that^ 'tHeVextent'of^ "ae^ adsitloai: \
increases with catalyst concentration in all cases, A clear difference 
exists between the various metal halide catalysts. The acid catalysts, 
perchloric acid and sulphuric acid give very much faster degradation than 
the metal halides. Perchloric acid is by far the most effective catalyst 
of the two acids, even" though its concentrations were only a tenth of 
those of sulphuric acid.
The effect of temperature on degradation is quite marked for all the 
catalysts studied; increased rates of degradation being observed at higher 
temperatures. Sulphuric acid in the early stages of degradation (under 
60 minutes) apparently gives a higher rate of degradation. This demonstrates 
that over a much longer time, the levelling off region is reached sooner 
with sulphuric acid than with other catalysts(Fig 7*3)*
The effect of the nature of metal halide catalysts on the rate of 
degradation as shown in Fig 7*3 for tetrachloroethane is the same order 
in methylene chloride and chloroform. For a given catalyst concentration 
the effectiveness of each of the catalysts is in the order
This is generally true for each solvent, but at low temperature and low
The rate of degradation was slower in chloroform under the same 
experimental conditions for all catalysts (Tables 8.1-83) but the influence 
of methylene chloride and tetrachloroethane is dependent to some extent 
on both the temperature and catalyst concentration.
The extent of degradation was also influenced by the concentration of 
acetic anhydride in the mixture, faster degradation being observed at 
lower acetic anhydride concentration for the catalyt SbClc in methylene
j
chloride at 30°C (Table 8 .4  )
catalyst concentration the effectiveness of FeCl, is compar-able and
j
sometimes greater than SbCl,..
\>
Increasing the nonsolvent to solvent ratio:by addition of benzene
or carbon tetrachloride to the methylene chloride solution of CTA, resulted
in slower degradation (Table 8 .4  )• This effect is thus the same as that
found for the variation in acetic anhydride concentration.
It is intended to try and explain these effects in more detail later
on the basis of a proposed mechanism for degradation and a comparison of
the rate constants and activation energies obtained.
For the range of polymer concentrations studied (0.52 to 0.80g/dl),
it is clear that the extent of degradation is virtually independent of
the CTA concentration (further evidence for this is given'.later). An
(1)explanation of this io provided by Kuhnv 7 and discussed in detail by
(2)GrassieN 7 • On the basis of a theoretical approach, to random degradation
made by Kuhn, Grassie showed that the extent of degradation depends only
on the number average chain length of CTA and is independent of the actual
CTA concentration in the solution. The exponential form of the curves
obtained showing molecular weight versus degradation time (Fig
also suggests that the degradation of CTA occurs at random along the
length of the molecules. This indicates that all the bond3 are equally
vulnerable to attack and are degraded at an equal rate. This shows that
■ ' i
the approach of Kuhn, which assumed that each oxygen linkage between
glucosidic units is equally susceptible to attack is essentially correct.
StatisticalApproach, to Random Degradation .
Kuhn's approach to polymer chain degradation is based on theoretical 
considerations. He assumed that all bonds are equally susceptible to attack, 
and if at some stage in the degradation reaction s bonds are broken in a 
very long polymer chain containing ( Nq - 1 ) links, where Nq represents 
the number of monomeric units present (degree of polymerisation), the 
degree of degradation a is thus defined as
a = s/ (No - 1) (8.1)
If the degradation is a random process, then the number of bonds broken 
at any time, t, can bo expressed by
(Ho - 1) - <x (Nq - i) = (Ko - 1) e_kt
or (Hq - 1 ) a = (Nq - 1 ) (1 - e"kt) (8.2)
and a = s/ (H - 1) != 1 - e”k* (8.3)
in which k is the uniraolecular rate constant for the scission reaction*
The Equation (8.2) is that for a first order kinetics reaction, the 
rate of degradation being dependent only on the number of bonds remaining 
at any time. This approach is essentially correct for the degradation of 
CTA which is a psuedo first order reaction, since the acetic anhydride 
concentration is about a hundred times that of the oxygen linkages 
comprising the polymer chain.
The number average chain length N , at any stage of a degradation 
reaction will be given by
Nn = H0 /  (s + 1 )  (8 .4 )
where s is the average number of breaks per molecule in the solution and 
Nq is the original chain length. Eliminating s by combining Equation (8.3) 
and (8.4), we get
which can he written as ' *
N - 1 N - 1
In — _ = In — —  - kt (8*6)
IT on
or In (1 - 1/H0) - In (1 - l/\) = kt ( 8 . 7)
J) ^
By definition ln(l - x ) = -(x + x'/2 + x"/3 + ~— “-)» therefore, 
Equation (8.7) canbe written as
~(1/K0 + W 02 + : # 03 +— ) + (1/Wn + l,fcJn2 + MisJ + — )
= kt (8*8)
In the polymer system the higher terms in Equation (8.8) are negligible
as both N and N are sufficiently large. Hence o n
-1/N + 1/N = kt' o ' n
or 1/Hn = 1/N0 + kt (8.9)
Therefore, for a polymer undergoing random degradation, the plot of 
1/I?n against the corresponding time of reaction should be a straight 
line with slope k and intercept V $ 0*
For the degradation of cellulose triacetate the equation (8.9) is 
expressed in terras of molecular weight of CTA as follows:
288.26/Mt - 288.26/Mo -}■ kt (8.10)
or 1/Mt = 1/Mq + Kt/288,26 / ’ (3.11)'
where and represent the initial molecular weight and that at time 
t respectively, and 288.26 is the molecular weight of a single glueosidie 
unit in the chain.
In the present work when 1/M^ was plotted against time t, good 
linear* plots.;were obtained and thus confirmed- the validity.V-of.’"the above 
statistical approach. Hence, all the bonds in cellulose triacetate can 
be assumed to be vulnerable to degradation *
For each set of data presented in the Table 7*1 to 7*61 the rate 
constants were commuted from the slopes of the kinetic plots (Fig 8,1 - 8,/3) 
by the method of least squares. Tables 8,1, 8,2 and 8.3 show the rate 
constants obtained for all catalysts at different temperatures and for 
various catalyst concentrations in chloroform , methylene chloridej and
i Gff&cfc'
tetrachloroethane respectively. The separateAof increasing concentration of 
nonsolvents, acetic anhydride, benzene and carbon tetrachloride and of 
CTA concentration on the rate constant are shown in Table 8.4; in all 
cases good linear plots were obtained.
The corresponding activation energies were calculated from the 
Arrhenius equation
' . -E /RT
k = A e a (8.12)
where k = rate constant
A = frequency factor 
E = activation energy
a
R = gas constant (1, $87) :
T = absolute temperature 
Equation(8.12) can be rewritten as
In k = In A - E /RTa
or log k = log A - 1/T x E /2.303R (8.13)St
Values logk were plotted against 1/T , and activation energies were obtained 
from the linear slopes obtained using the least squares method. A typical 
Arrhenius plot for ferric chloride in methylene chloride is shown in Fig.8.i*f«
Prom Tables 8.1-8.5 it can be seen that all activation energies lie in
the, range, of 9*2 to 26.0 k cal/mole. These values obtained in the present
work seem reasonable for the scission of C-O-C linkages and can be
(3)compared to the values of 19*0 k cal/mole reported by Frith., , and
9.3-20.5 k cal/mole found by Bytenskii^ in the presence of benzene for
(5)heterogeneous degradation. Pyatakina et al. ■ have also obtained values
of 21-26 k cal/mole for CTA degradation in solutions of acetic acid-acetic
anhydride-methylene chloride containing sulphuric acid catalyst.
However the present values are generally lower than the activation
energies found for the heterogeneous hydrolysis of cellulose (28.kcal/mole)
by Freudenberg^^ and those of 31 • 1, 31*7 and 31*0 k cal/mole for the
hydrolysis of hydroxyethyl celulose, methyl cellulose and carboxymethyl
('7 )cellulose respectively as reported by Vinkv •
It can be seen from Tables 8.1-8.3 that both the activation energies and
frequency factors vary with the type of catalyst. Values of the activation
energy are found to be lower for the more effective catalyst in keeping with
the higher rate constants observed. There is some degree of uncertaintity
in the values of the frequency factor obtained as an error of a few percent
in the intercept would make a large difference in the calculated A values.
5 11In the present work the frequency factor varies from 10-10 , except for
antimony pentachloride in chloroform and methylene chloride when very low 
values were obtained. Bytenskii et al.^^ have also reported a value of 
3.6x10 for the heterogneous acetylation in a very poor solvent. Certainly 
this explanation dees not apply in the present case since both chloroform 
and methylene chloride are considered to be good solvents. It seems difficult 
to explain these results at the present stage, and further experimental 
support for the structure of the transition oxonium complex and the 
proposed equilibria involving acetylium ions is clearly required.
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KBTETIC DATA OF DIFFERENT CATALYST IN CHLOROFORM-ACETIC ANHYDRIDE MIXTURES
Catalyst Temperature 
°C
Rate Constant(min”1) at vaious catalyst concn. 
2.0x 10”2M 3.0x 10”2M 4.0x 10"2M 6.0x 10~2M
FeCl* 20 1.38x10“6 2.63x10~6 4.16x 10~6 6.53x10”6
25 1.91 " 4.05 n 7.01 " 12.02"
30 4.62 " 8.21 ” 10.86 " 20.24 "
40 8.68 " 21.61 " 38.16 " 72.23 "
Activation energy
k cal/mole
13.66 19.61 20.15 22.39
Frequency factor 2.27x104 1.05x10* 4.06x10* 2.94x1011
SbClc 20 1.05 M 3.24 11 6.41 " 19.46 "
25 1.35" 3.51 " 8.14 " 22.28 "
30 2.51 " 6.85 " 12.26 ” 30.66 "
40 3*63 " 8.12 17.92 " 54.30 "
Activation energy
k cal/mole
Frequency factor
11.82 
6.92x102
9.20
0.23x102
9.60
9.29x101
9.67
2.92x102
SnCl. 
4
6.0x10“2M 8.0x10"2M 10x10“2M 12x 10“2M
0.46x 10"620 0.95x10~6 1.88x10~6 2.69x10“6
25 0.82 " 1.40 " 2.97 " 3.86”
50 1.67 " 2.80 " 5.15 " 6.71 "
40 6.77 " 10.22 " 14.85 " 20.49 "
Activation energy  ^
k cal/mole
26.04 22.21 19.01 18.85
Frequency factor 9.98x 1015 3.02x1011 2.66x10* 2.76x 106
KINETIC DATA OF DIFFERENT CATALYST IN METHYLENE CHLORIDE-ACETIC ANHYDRIDE
MIXTURES
_ -|
Catalyst Temperature Rate Constant (min ) at various catalyst concn.
°C 2.0x10~2M 3.0x 10“2M 4.0x10“2M 6.0x 10~2M
FeCl- 15 1.10x10“® 1.85x10“6 2.72x10“® 5.11x10“®
20 1.67 " 3.15 " 4.58 ” 8.49 "
25 3.35 "... 5.70 " 9.00 " 14.94 "
30 5.21 " 11.30 ” 16.10 " 25.99 ”
Activation energy 
k cal/mole
18.57 20.88 20.82 18.88
Frequency factor 1.27x10® 1.20x1010 1.63x101° 1.03x109
SbClc 15 1.72 " 4.90 " 10.47 " 22.04 "
20 2.52 " 6.32 " 11.99 " 27.65 "
25 2.76 " 10.68 " 15.33 " 45.94 "
30 6.51 " 12.90 " 24.63 " 65.15 "
Activation energy 
k cal/mole
14.11 11.89 9.72 13.02
Frequency factor 8.08x104 4.96x 105 2.27x102 1.55x105
SnCl,
4
15
6.0x10’2M 8.0x 10~2M 10x10“2M 12x10“2M
0.57x10’® 0.87x10“® 1.00x10“® 1.32x10’®
20 1.15 " 2.00 " 2.85 M 3.59 "
25 1.91 " 3.05 " 3.62 " 5.75 "
30 2.73 " 4.77 " 6.49 ” 8.29 "
Activation energy 
k cal/mole
15.83
5.83x10®
19.19 20.33 20.79
Frequency factor 3.43x109 3.07x1010 9.04x1010
TABLE 8.2 cont inue d
—1
Catalyst Temperature Rate Constant (min ) at various catalyst concn.
°C 2.0x10”2M 3 . 0 x 1 0 " 2 M  4 . 0 x 1 0 " 2 M  6.0x10”2M
h so. 15 9.64x 10“ 6 1.74x10”5 2.21x10”^ 3.62x10”^
20 11.79 " 1.75 " 2.50 « 4.50 "■
25 27.33 " 3.28 ■» 4.99 " 7.94 "
30 37.27 " 5.20 " 8.82 " 13.58 "
Activation energy 
k cal/mole
17.07 15.47 16.75 15.70
Frequency factor 7.74x107 2.46x105 9.58x 107 2.63x107
HC10,
4
15
1.65x10”
rev1O
■' - M
 .
N"'. 5.4x 10"5M 7.2x 10~5M
1.11x10”^ 1.38x10”5 1.61x 10”5 1.79x10”5
20 0.88 » 1.28 " 1.52 " 1.63 ”
25 2.14 " 4.86 " 8.46 " 11.78 "
30 3.58 " 7.21 " 13.10 " 17.56 "
Activation energy 
k cal/mole
11.36 12.70 15.24 14.43
Frequency factor 5.07x105 1.00x105 1.15x107 3.99x106
TABLE 8,3
KINETIC DATA OP DIFFERENT CATALYST IN TETMCHLOBOETEAITCE-ACETIG ANHYDRIDE
MIXTURES
* mm I »
Catalyst Temperature Rare Constant (min ') at various catalyst concn* 
°C 2.0x10~2M 3.0x 10”2M 4.0x 10“2M 6.0x 10~2M
FeCl, 20 1.57x10“6 2.53x10“ 6 0.411x10~5 0.70x10“5
30 5.35 11.30 ” 1.56 " 3.01 "
40 34.94 " 68.11 " 10.18 " 17.55 "
30 47.09 " 97.29 ” 11.68 " 18.25 "
Activation energy 
k cal/mole
22.83 24.10 22.55 21.88
Frequency factor 1.75x1011 2.7IXIO12 3.02x1011 1.75x1011
SbCl 20 0.34x10~5 0.68x10~5 1.15x10“5 2.79x10”5
30 1.35 " 2.55 3.81 " 8.47 ”
40 2.03 ” 4.12 " 8.31 " 18.99 "
50 3.65 " 8.05 " 19.33 " 35.36 "
Activation energy 
k cal/mole
14.28 20.47 17.44 15.91
Frequency factor 1.86x105 1.54x1011 1.23x10® 2.20x107
6 . 0 x 1 0 “ 2 M 8 . 0 x 1 0 “ 2 M 10x10~2M 12x10~2M
SnCl. 20 
4
0.083x10”5 0.143x10”5 0.213x10“5 0.36x 10"5
30 0.328 " 0.492 " O .979 " 1.01 ”
40 0.769 " 1.262 ” 2.123 « 2.88 ”
50 1.800 " 2.817 " 4.7IO " 5.44 "
Activation energy 
k cal/mole
19.01 18.64 19.02 17.34
Frequency factor 1.38x109 1.20r108 ' 3.81x108 3.20x107
TeCl. 20 
4
0.019x10"5 0.031x10”5 0.032x10“5 0.054x10 '5
30 0.031 " 0.051 " 0.073 " 0.120 "
40 0.086 ” 0.132 " 0.217 « 0.305 ”
50 0.216 0.401 " 0.551 " 0.787 w
Activation energy 
k cal/mole
15.54 16.25 18.21 17.06
Frequency factor 6.23x105 3.26x106 1.09x108 2.54x107
TAELE 8.3 continued
“ 1Catalyst Temperature Rate Constant (min ) at various catalyst concn*
°C 2.0x10~2M 3-Ox 10“2M 4.0x 10™2M 6.0x 10~2M
KoS0. 20 
2 4
1.26x10“5 1.96x 10"5 2.55x10”5 5.39x10“5
30 1.99 " 4.78 " 8.23 " 10.85 «
40 14.47 n 20.68 « 25.92 " 49.79 "
50 0.947 " 6.64 " 10.31 " 40.57 "
Activation energy 
k cal/mole
22.09
2.85x1011
21.42 21.13 20.18
Frequency factor 1.62x1011 1.42x1011 5.03x1o11
HC10.
4
20
1.65x10~5M 3.3x10~5M 5*4x10 7.2x10^M
0.66x10 ** 2.78x10~5 3.72x 10“ 5 6.64x10“5
30 0.66 ; 3.69 " 9.95 " 15.47 M
40 2.32 " 12.32 " 32.95 " 36.26 "
50 6.35 " 25.40 " 48.07 " 77.85 "
Activation energy 
k cal/mole
15.12 15.24 16.76 15.50
Frequency factor ’8.72x105 4.59x106 - 1.23x108 2.36x 107
EFFECT OF COMPOSITION OF DEGRADATION MIXTURE ON RATE CONSTANT
(i) Methylene chloride-acetic anhydride Temperature 30°C
Molar concn. 
of Ac2Q
CTA concn. 
g/dl
Molar concn. 
of SbClc
Rate constant
. -1min
1.053 0.48 3.0x10~2 1.78 x 10"5
2.116 n It 1.23 "
3.174 it It 1.15 "
4.250 11 II 0.90 11
(ii) Methylene chloride-acetic anhydride-benzene
Molar concn. 
of benzene
Molar concn. 
of ACgO
Molar concn.
of SbClr-
D
CTA concn.
s/ai
Rate constant 
min 1
1.058 2.116 2.6x10 2 0.48 1.11 x 10”^
2.116 it « II 0.79 "
3.174 n 11 II 0.63 "
4.230 N it It 0.54
(iii) Methylene chloride-acetic anhydride-carbon tetrachloride
Molar concn.
of CC1.
4
Molar concn. 
of Ac^O
Molar concn. 
of SbCl-
CTA concn. ; Rate constant 
g/dl min”1
1.058 2.116 2.6x10“2 0.48 0.85 x 10-5.
2.116 . it ti n 0-75 1.
3.174 it ti " 0.63 "
4.230 11 it " 0.47 "
TABLE 8.4 continued
(iv) Cellulose triacetate concentration Temperature 25°C
CTA concn.
g/ 61
Molar concn. 
of Ac^O
Molar concn. 
of SbClc
Rate constant
. -1m m
0.32 2.116 4.44x10~2 2.11 x ,10-5
0.48 11 n 2.34 "
O .64 « 2.065 "
0.80 n n 2.086 "
PROPOSED REACTION MECHANISM
In order to justify the fact that the degradation of CTA follows
first order kinetics, the mechanism by which the catalyst is involved in
the reaction must be considered. It has been mentioned earlier (Chapter^)
that all the metal halide catalysts used in the present work are regarded
as Lewis acids. In terms of this approach, an acid is regarded asany
molecule, radical or ion in which the normal outer electronic gouping
(Rule of Eight) about one atom is incomplete, the atom then being able
to accept an electron pair or pairs. It is thus possible that an acid may
form a dissociating intermediate by acceptance of an electron pair.
Evidence exists to show that when these acids are mixed with acetic
anhydride they form an addition complex, such compounds of this type have
been reported by Paul etal.^  and Hunt and Satcheli^^. Burton and 
YicO
Praill'1 ' have used a mixture of zinc chloride and acetic anhydride for 
acetylation of anisole and suggested that the following reaction sequence 
is set up in the mixture:
ZnCl2 + 2AcO • -------->■ 2Ac2+ [ZnCl2(OAc)2] (8.14)
2Ac2 [ZnCl2(OAo)2]2- +2^C-H  2(*C-Ac) + H22+[ZnCl2(0Ac)2]2-
(8.15)
B22+[ZnCl2(OAo)2]2-------*■ 2AcOH .+ ZnCl2 (8.16)
They have shown that the reaction is a strictly catalytic and involves 
acetic anhydride, since neither a mixture of acetic acid and zinc chloride 
nor acetic : i anhydride on its own acetylatea anisole.
The formation of the complex in Eq.8.14 is a Ley/is acid-base type of 
reaction in which the ligand, acetic anhydride, is acting as a Lewis base 
(electron pair donor). It can be assumed that an increase in the concentration 
of Lewis acid would increase the concentration of the acetylium ion (CH^CO+)
which in turn also behaves as a Lewis acid.
From Equation (8,14-8,16) it would follow that it is the acetylium i’&,v
which directly brings about the acetylation and not zinc chloride.
Nevertheless the role of zinc chloride is marked by its participation in
the complex formation. Acetylium ions are produced only if the coordination
between the acetate ion and zinc chloride is strong enough. Under these
conditions the complex as whole would tend to dissociate into the acetylium
2—
ion and [ZnCl2(0Ac)2] • If zinc chloride is replaced by any other
strong acid (Lewis or Br^nsted type) which has a greater electron affinity,
the resulting complex would be expected to show greater degree of
dissociation consistent with the coordination in [MXx(0Ac)n]n being
stronger. Here M can either be metal or hydrogen atom.
(1 1)Howard and Parikhv ' have shown in their study of the acetylation of
cellulose that a very much faster reaction took place when zinc chloride
was replaced with equimolar quantities of perchloric acid in the acetylation
mixture. The role of the acetylium ion in such a system, based on the
(12)evidence of Burton and Praill' , can be summarised in the following 
equilibria:
The formation of acetylium ions is considered to proceed via the acetic
H+(C104") .+ AOgO -v . >. Ac+( CIO,-) + AcOH (8.17)
anhydridium ion, Ac^OH^, as shown by
H+ + Ac20 ^ —  Ac ^ OH* —  Ac+ + AcOH (8.18)
or AcOH2+ + Ac20 Ac20H+ + AeOH ^ = ± :  Ac+ + 2AcOH
The acetylium ion so formed would then react with the hydroxyl groups 
of the substrate according to the Equation (8.20)
OH + Ac+ -OAc + Hr+ (8.20)
Burton and Praill believed that these reactions were rapid and went 
almost completely to the right.
Further evidence for the acetylium ion being the effective acetylating
(13)
agent has been provided by Satchellv • He represented his kinetic
data for the acetylation of p -naphthol by mechanisms involving either
+ + +ACgOH or Ac as intermediates and concluded that the role of Ac was
dominant in the acetylation.
Recently Thinius and Saupe^^ investigated the role of the acetylium
ion in the acetylation of cellulose using AcC10«, HC10,, H^SO., AcBr
4 4 ^ 4
and AcCl as catalysts and found that the activity of the catalyst decreased 
in the above order.
In the present work it is proposed that a similar set of equilibria 
(Equation 8,14-8,17) are set up in the degradation mixtures studied. The 
acetylium ion can attack the 1-4 glucosidic linkages to give chain 
scission accompanied by the acetylation of the end groups as follows:
fast
(oxonium ion)
slow
(8
Since the degradation is taking place in an anhydrous system, the
extent of degradation of CTA depends on the acetylium ion when metal 
halide catalysts are used. It is believed that the degradation 
proceeds via the oxonium complex illustrating the role of the acetylium 
ion.
The acetylium ion complexeswith the oxygen bridge between glucosidic 
units and activates it to give a lower activation energy. This
activated complex (oxonium complex) then reacts with free acetic anhydride
j
present in the mixture resulting in chain scission, acetylation of the 
end groups and simultaneous liberation of the acetylium ion.
When perchloric acid or sulphuric acid is used as a catalyst, both
the hydrogen ion and acetylium ion present in the mixture may activate
1-4 linkages to give chain scission. Since perchloric acid or
sulphuric acid is used in a catalytic amount, the concentration of H+
ion in the solution is prcbabiy far less than that of the acetylium ion,
and its role in the degradation reaction would not therefore be
significant. Formation of acetic acid in the mixture (Equation 8.13)
+further reduces the concentration of H ions. The only other
+ +possibilities are the ACgOH and AcQHg ions present in relatively
small concentrations. Since acetylation of cellulose does not take place
(11)in the absence of acetic anhydride or its replacement by acetic acidv 7
+it may thus be assumed that the AcOHg ion is ineffective. Evidence
for the acetylium ion rather than-AcGH^ being the effective species
(15 V
has been provided by Bhatti and Howard^ 7. They carried out viscosity
measurement on a chloroform solution of CTA in the absence of acetic
anhydride but containing acetic acid and perchloric acid; no change
in the viscosity was found over a period of 24 hours. The other possible 
+species, AcjpHis a conjugate acid of acetic anhydride, but this is 
believed to be largely dissociated into acetylium ions and acetic acid.
It has been mentioned earlier that in the present work the 
concentration of acetic anhydride in the degradation medium was about 
a hundered times that of the oxygen linkages comprising the polymer 
chains. It is therefore believed that the concentration of acetic 
anhydride remains virtually constant during degradation, only a minute 
amount being used up in acetylating the end groups. The catalyst is 
also present in a very small quantity and is not directly involved in 
the reaction (Equations 8.21-8.22). Therefore, on the basis of the 
proposed mechanism for degradation of cellulose triacetate and the 
experimental data consistent with Grassie’s statistical approach, it
is believed that the degradation of cellulose triacetate is a random 
psuedo first order reaction.
DISCUSSION OF KINETIC DATA
Such a mechanism involving the acetylium ion as an effective 
degradating species, also provides an explanation for both the metal 
halide and acid catalysed degradation results obtained in the present 
work.
The increase in degradation rate with catalyst concentration is to 
be expected from Equation (8.21-8.22), since a corresponding increase 
in the acetylium ions and hydrogen ions (when acid present) would 
result. It can be seen that these ions are formed again after the chain 
scission has taken place.
The higher rates of degradation obtained for all the catalysts on 
increasing the temperature may be due to a higher degree of dissociation 
of the complex resulting in a higher concentration of the acetylium ions.
The effect of increased temperature on degradation would energetically 
favour the two stage attack on the oxygen bridge as shown in Equations 
(8.21-8.22). It is proposed that a rapid transformation of the Ac+ ion 
from the medium to the oxygen bridge takes place followed by a slower 
reaction with acetic anhydride to bring about chain scission.
The orderof efficiencies of the metal halide catalysts can be 
correlated to some extent with iopic radii of the metal cations. The 
assumption that smaller cations form more stable complexes would be 
consistent with the present work. The effectiveness of each of the catalysts 
Uiccs found to be in the order
S'bClp. y FeClj y SnCl^ ^  TeOl^
and the corresponding ionic radii of the cations are 0.62 A, 0.64 A,
0.71 A and 0.89 A
° -^ 5
A value of 0.53 A for Fe has also been reported in the literature,
which is in keeping with ferric chloride and antimony pentachloride
being equally efficient catalysts in certain cases (Tables 8.1-8.3).
(17)
The above order is the same as that found by Praillv 17 for C-acylation:
SbCl^) FeCl^) SnCl4) TeCl4 
Praill. also reported a similar series when Lewis acid strength was 
compared by determination of their ability to catalyse the decomposition 
of benzazide:
FeCl2) SbClc 
?7 0
The higher activity of perchloric acid can be illustrated by the
dispersion of the single negative charge of the anion over four oxygen
O'V
|l|l
|!it
0_y4
atom, which stabilizes the anions and also reduces its affinity for the
proton. There have been many theories pat forward to explain the catalytic
activity of sulphuric acid in degradation reactions, and it is known
to undergo chemical changes in the presence of acetic anhydride.
('18)Franchimont' 7 suggested that sulphoacetic acid (HSO^CB^COOH) is formed
when acetic anhydride is treated with sulphuric acid, the acetyl sulphuric 
acid being formed as an intermediate complex as shown by:
(CH5C0)20 + H2S04 ---- — CH^COOK + CH^COOSO^H
Y
HSCLCHoC00H
Stillich^^ also reported that at lower temperatures ( £ 40°C) acetyl- ’ 
sulphuric acid Is generally formed, while at elevated temperatures and 
in the presence of excess of acetic anhydride it is converted to 
sulphoacetic acid. This side reaction involving removal of sulphuric
> SnCl4 ) TeCl
acid catalyst would account for the curvature of the kinetic plots as 
shown in Fig. 8.Q+t-i3. Degradaion studies made at 50°C in tetrachloro- 
ethane showed the greatest fall in rate constant with time, in agreement 
with the formation of sulphoacetic acid at higher temperatures (Table 8.3). 
Because of this effect the initial slope at zero time was taken as the *x-rate constant for the degradation process for the purposes of comparison/’
It can be seen from the Equations (8.14-8.20) that for a higher 
concentration of acetic anhydride in the mixture, the rate of degradation 
would be expected to increase owing to a greater number of acetylium ions 
in solution. But in fact the reverse is found in the present work 
(Table 8.4) which may be explained by the following assumption:
Acetic anhydride is a nonsolvent for cellulose triacetate and 
increasing concentration of acetic anhydride may result in more 
coiling of the cellulose triacetate chain thereby screening some 
of the oxygen bridges from attack.
A similar behaviour was observed when the nonsolvent to solvent 
ratio was increased by addition of benzene or carbon tetrachloride to a 
methylene chloride solution of CTA (Table 8.4)• The decrease in rate 
constant observed could also be due to the chain coiling effect already 
suggested. Viscosity measurements carried out on CTA solutions in 
methylene chloride-acetic anhydride-benzene mixtures, have enabled mean 
end-to-end distance to be calculated (Table 5*‘10 page J 0 ) »  The mean 
end-to-end distance was found to decrease as the benzene concentration 
increased, in keeping with the chain coiling effect proposed.
This effect of non3olvent on the rate of degradation observed here 
is not in accord with the kinetic data reported by Kuznetsova : and 
Klenkova^^ • They found higher rates of degradation as the acetic
j
anhydride to benzene ratio, was gradually decreased by successive replacemen
of acetic anhydride with "benzene. It was suggested that the undlssociated 
complex of perchloric acid with acetic anhydride was. the effective 
catalytic species rather than the acetylium ion. The increased rate of 
CTA degradation was attributed to a lowering of the dielectric constant 
of the medium due to benzene addition, which in turn resulted in a 
higher concentration of the undissociated complex.
It seems significant that in Kuznetsova and Klenkova*s work the 
total nonsolvent to solvent volume ratio was kept constant, while the 
acetic anhydride concentration was gradually decreased. The role of 
solution composition was made more complex by differences in the 
swelling of the fibres in these mixtures, which would account for changes 
in the rate of degradation observed. In the present work concentration 
of acetic anhydride and catalyst were essentially constant (Table 8.4) 
while the respective concentrations of benzene and carbon tetrachloride 
were altered. Since considerable evidence for the acetylium ion being 
the effective species exists, it is also possible that addition of 
nonsolvent would supress the dissociation of the complex by lowering . 
the dielectric constant of the solution. The rate of degradation would 
therefore be reduced due to the decrease in acetylium ion concentration 
and therefore the number of activated oxygen bridges.
"Where good linear plots were obtained the slope ?/as evaluated from data 
over the first 150 mins. (10 points) in all cases. Por plots showing 
slight departure from linearity slopes were evaluated from data over the 
first 90 mins. (6 points) as in the case of PeCl^ at 25°(Pig. 8.1) and 
50°C (Pig. 8.9)» and HCIO^ at 20, 25, and 30°C (Pig. 8.7)* In the case 
of marked curvature, as sho?/n by HgSO^ (Pig. 8.8 & 8.13) and HCIO^ at 
30, 40, and 50°C (Pig. 8.12), slopes at zero time were evaluated by fitting 
a third order polynomial to the data over the first 150 mins. (10 points).
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APPENDIX 1
DERIVATION OF THE SOLOHON-GOTEH AN EQUATION
By the definition of L.V.N, we have
[tj] = Dim tj /c - f(O) (1)
c — > 0
The function of lnrj .,/c is denoted by (j)(c)t thus
[tj] « him lnnrel/c = J0(o) (2)
c—*0
/
Functions f(c) and 0(c^ can be expanded in Taylo2>-Maclaurin form, 
Vsp/o = f(c) = f(0) + f'(0)c/l!+ f"(°)o2/2!+--- —  (5)
l n ^ / c  = 0(c) = 0(0) + 0 > ) c/1I+ 0''(o)c2/2! + ---- (4)
Since +^T^ sp ' Iut)^^ can be expanded in the following form
(for %  <  1)
ln”rel - ln(1 + - \ v /2 + - O / 4 +----  (5)
which gives
Jtf(c) = lr.rlrel/o - tisp/o - c/2(t)sj/ o)2 + c2/5(nsp/o)5 - c3/4(nsp/c)4
 (6)
This can be written in the form,
I
0(c) = f(c) - cf2(b)/2 + c2f3(o)/3 - c^f4(c)/4 + --------
or f(c) - 0(c) = of2(c)/2 - c2f5(c)/3 + c3f4(c)/4 - ------- -
- ] T  (-1)1 fi ( O ' 1 (7)
i=2 1
From Equation (3) and (4)? we get
[f(c) - 0(c)] c [[f(0) - 0(0)] + [ f‘(0) - 0'(O)1 c/1.1 
+ [f"(0) - 0"(O)1 c2/2! + —  -1 
- V  -^(0) - 0”(O) cn+1 (8)
T) - InT) = c! sp 'rel '
or
where f*1 (0) and 0n (o ) denote the nth derivatives of f and 0 
with respect to c at c=0
Applying various approximations to equations (7) and (8)
(a) It will be observed from equations (7) and (8) that f(c)=0(c) 
when c=0 , i.e. f(0) -0(0), which is the L.V.N. by definition 
(Equation 1&2)
f(0) ■- 0(0) - M
(b) Differentiating Equation (8) with respect to c,
f'(c) - /(«) -£ t  (i-1) o1"2 fRc) + c1-1 fRc) ] (9)
} =2 ^when c=0
f’(0) - 0’(O) = 1/2 f2(0) - 1/2 [i)]2 (10)
Substituting in Equation (8) we get,
V  ~ ^ r e l  " 1/2 tlfe2 (11)
2
(c) Terms higher than c can be included in equation (11) for a bette 
approximation. This is achieved by including f (c) - 0 (c) in
Equation(8). Differentiating Equation (9) with respect to c ,
f'(c) - Ac) ol“5fi(°) + 2(i-l)ci_2(fi(c))' +
is-2
c1"1 (Ac))" (12)
According to the empirical viscosity relationship of Schramek
1SI/c - f(c) - [„] j\+ - £ $ - £ -  ] (13)
I
where k and m are constant.
1 r o
Since f (0) « k frj] , from Equatinn (13), Equation (12) 
gives, for c=0
f"(0) - 0!'(O) = 2(k' - 1/3) [r)]3 (14)
Substituting Equation (10) and (14), in Equation (8), gives
’’bp " lnVi = 1/2 M 2 c'2 + (k' “ 1/5) (15)
By eliminating k from Equation ('< 5) with tho help, of the Huggins 
equation and rearranging, we get
( i  + 1/3  i sp)
which is Solomon-Goteman’s equation.
*  *  *  *  *  ■ *  *
